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The Living Egg-Cel! of Triturus torosm 

By 

J. Frank Daniel 

University of California 

As soon as the egg of Triturus torosus passes from the cloaca 
into the water its jelly coats swell, displaying two concentric zones: 
a transparent, irregular outer zone consisting of a single layer, and 
a cloudy, spherical inner zone. The inner zone is composed of three 
layers, a semisolid inner layer, a surrounding wrinkled stratum, and 
a tough, striated layer (P, fig. 1), bounding the inner zone and 
separating it from the outer clear layer. 



Pig. 1. Zygote, Triturus torosus. (Series 13). Red 9: 45; blue 10; 46; black 11; 45. 
ch., chorion ; g.a., germinal area ; third and fourth jelly layers. 

When first laid the egg lies at or near the center of the inner 
sphere of jelly. Soon, however, the swollen inner layer begins to 
clear and to liquefy. Clearing is first apparent at the top and near 
the periphery of the inner layer. If at this stage a pencil of light 
is thrown on the face of the prism from behind the microscope (see 
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paragraph below), myriads of tiny, slowly moving flecks are visible 
in the clearing jelly. Some of these settle down on the egg, giving 
it a fuzzy appearance; others cover the floor, forming what I have 
designated the white j)lac. As the inner jelly becomes more liquid 
the egg responds to gravity by settling and rotating so that the 
germinal area comes to lie upward and the heavy yolk pole downward. 
After the egg has reached the bottom the animal pole flattens some- 
what, forming the superior plateau over which is seen the chorion 
(ch., fig. 1). 

We may now follow through the changes which take place in 
an egg and in its surrounding jelly layers. To do this an essential 



Fig. 2. Zygote, gastrula, neurula (concentric). (Series 13). Red 11 : 45, March. 21 ; 
blue 8:60, March 23; black 8: 45, March 26. c/i., chorion ; g.a., germinal area ; 
third and fourth jelly layers ; pc., white plac. 


is observation in profile. This is rendered possible through the use 
of the Rotary Disc (Daniel and Burch, 1933) . Record of the changes 
which take place in the egg may be secured by eamerd lucidd draw- 
ings made at frequent intervals (every fifteen minutes) during the 
first three hours of development, and less regularly for the ensuing 
days. In this first study nineteen seri.es were completedj some of 
which were followed closely for ten days. We may illustrate this 
study by series 13. 
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In figure 1, series 13, the zygote, in solid red line, was first 
sketched at 9 :45 A,M., soon after it had been taken from the cloaca 
of the female. At that time it had just settled and had almost com- 
pletely rotated so that the germinal area (g.a.) approached the top. 
The combined inner zone of jelly had increased to two-thirds the thick- 
ness of the outer layer. At -the end of an hour the zygote, sketched 
in solid blue line, had decreased considerably in size; it had settled 
to the floor of the inner cavity ; had fully rotated and flattened so that 
the corionic arch {ch., fig. 1) stood well above the egg. Both the 
outer layer, in solid blue line, and the inner space bounded by the 
wrinkled striate layer were greatly enlarged. An hour later the 
features of the egg, in solid black line, were similar to those at 10 :45, 
excepting that the egg had decreased still further in size. Within 
its normal jelly, however, it is to be noted that the egg flattens less 
than have experimental eggs formerly studied (Daniel, 1932, p. 307). 

Two later stages of this egg are added in figure 2. The sketch, 
in solid red line, is essentially like the last stage considered. The 
first of the later stages, at three days of age, sketched in solid blue 
line, was of the gastrula, which had so increased in volume as to fill 
the chorion. The white plac (pc, fig, 2) formed on the floor of the 
inner jelly cavity during the process of liquefaction, was a marked 
feature of this stage. 

At five days the egg in its surrounding jelly envelopes is shown 
in solid black. The neural tube had closed ; the neurula had increased 
in size and had assumed beginning larval form. At the end of a 
week the larva extended across the inner cavity. 

In this series we have studied the activities of the egg in its 
natural surroundings, observing the changes as they took place. We 
have seen the thin inner and outer zones of jelly expand to enormous 
proportions. We have observed phenomena associated with the 
liquefaction of the inner layer, and the responding egg settle to the 
bottom and rotate. We have followed the elevation of the chorion, 
the flattening and diminution in size of the zygote, the increase in 
mass of the blastula and gastrula, and finally the assumption of 
specific larval form. 
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Zur Kemitnis der Plastidem- und Plasmavererbung 
Von 

O. Renner, Jena 

1. Scheckung bei Artbastarden -von. Eu-Oenot her a 

Das Problem der plasmatischen Vererbung scheint durch die 
Untersuchungen von Schwemmle (1935) liber Kreuzungen komplex- 
heterozygotischer Arten von Eu-Oenothera einen neuen Aspekt 
erhalten zu haben. Schwemmle findet bei solchen Bastarden, die 
ihre 14 Chromosomen in der Diakinese der Reduktionsteilimg in eine 
einzige Kette anordnen und keine Spaltung zeigen, im Laufe einiger 
Generationen deutliche Veranderungen der Laubfarbe, der Wiichsig- 
keit, der Blattgrofie, der Lange der Bliitenrohre, und glaubt annehmen 
zu diirfen, da6 diese Veranderungen auf wechselseitiger Abanderung 
der Plasmen und der Genome beruhen. 

Herr Kollege Schwemmle hatte die Freundlichkeit, mir Samen 
von Oenothera Berteriana (Komplexe B und 1)^^ und odorata 
(Komplexe v und J) sowie ihrer Bastarde in der ersten und in 
spateren Generationen zu iiberlassen. So konnte ich im vergangenen 
Sommer die interessanten Formen selber beobachten. Wenn Oe. 
Berteriana Mutter und Oe. odorata Vater ist, entstehen kraftige, satt 
griine Drillingsbastarde : B.J mit stark welligen Blattern (32 
Pflanzen), l.v mit griinen Stengeln (11 Pflanzen), l.J mit roten 
Stengeln und rotrandigen Blattern (17 Pflanzen) ; die vierte zu 
erwartende Verbindung B.v fehlt. In der reziproken Kreuzung ist 
J.B viel schwacher, blafigriin, kann aber dock noch verhaltnismafiig 
leicht zur Bliite erzogen werden (17 Pflanzen) ; v.l ist weifilichgriin 
und so schwach, dafi ich kein Exemplar auspflanzen konnte, wahrend 
Schwemmle die Form bis zur Bliite brachte; die dritte zu erwartende 
und wohl griine Form, v.B, bekam ich nicht zu Gesicht; J.l fehlt nach 
Schwemmle immer. 

An der Fi von Oe. Berteriana x odorata fiel mir etwas auf, wo von 
Schwemmle nicht spricht : die Kombinationen l.v und l.J hatten teil- 
weise gelbscheckiges Laub. An dem einzigen gescheckten l.J-Indivi- 
duum waren die meisten Zweige bis zu den Brakteen periklinal gelb- 
liber-griin, bei den 3 gescheckten l.v-Pflanzen wurde die Variegation 


1) Die Buchstabensymbole, die Schwemmle fur die Komplexe wablt, sind 
schwer zu merken, urid auch deswegen nicht sehr zweckmaBig, weil wir mit 
Buchstaben einzelne Faktoren anzudeuten gewohnt sind. 


1937 Zur Kentitnis der Pkstiden- und Plasraavererbung -649 

gegen die Bliitenregion undeutlich. Bei B.J fand ich keine Scheckung, 
ebensowenig bei der reziproken J.B ; die friih sterbenden Samlinge 
von v.l babe ich nicht sorgfaltig auf Scheckung untersucht. Es 
kommt also, in Verbindung mit verschiedener Laubfarbung der rezi- 
proken Kreuzungen, wie bei Oenothera-Onagra Bastardscheckung vor, 
die auf Plastideniibertragung durch den Pollen zuriickzufuhren ist. 
Die Genomkombination l.v z.B. lafit die Plastiden der Oe. Berteriana 
voll ergriinen, aber nicht die der Oe. odorata; auch bei den Kombina- 
tionen LJ und B.J sind die Bertmam-Plastiden tauglicher als die 
empfindlicheren odomtn-Plastiden. 

Das Auftreten von Scheckung zeigt, dafi an der Verschiedenheit 
der Laubfarbung der reziproken Bastarde die spezifische Konstitu- 
tion der Plastiden einen wesentlichen Anteil hat. Und die von 
ScHWEMMLE beobachtete „Erholung“ der zunachst blassen Bastarde 
mit odomto-Plasma ist v i e 1 1 e i c h t so zu verstehen, dafi es sich hier 
urn die Nachkommen solcher Individuen handelt, die vom Vater 
Berteriana verhaltnismafiig viele Plastiden bekommen haben. Die 
{od. X Bert.) l.v Fo (4 Pflanzen) ist genau so schon griin und kraftig 
wie {Bert. X od.) v.l Fi. Die {od. x Bert.) J.B Fo dagegen (5 Pflan- 
zen) ist zwar kraf tiger als die Fi derselben Verbindung, aber doch 
noch lange nicht so kraftig wie {Bert, x od.) B.J Fi; hier wurde, 
wenn meine Deutung richtig ist, das Cytoplasma neben den Plastiden 
noch eine deutlich differenzierende Wirkung auf die Laubfarbe 
ausiiben, anders als ich es bis jetzt von Onagra kenne. 

Wenn die „Erholung“ einer blassen Bastardform auf die Aus- 
sortierung der besser ergriinenden vaterlichen Plastiden zuriickgeht, 
mtifite man schon in der Fi gut griine Zweige finden, und nur solche 
diirften „erholte“ Nachkommenschaft erzeugen; auf blassen Zweigen 
selbstbestaubte Bliiten diirften wieder nur blasse Samlinge bringen. 
Aber vielleicht sind solche blassen Zweige steril. Dafl die blasse 
l.v oft schlechte Antheren hat, gibt Schwemmle an (S. 183), und 
ich habe an dem gescheckten Individuum von LJ in den Bliiten, deren 
Tragblatter gelbrandig waren, fast keinen Pollen gefunden, wahrend 
die Antheren auf ganz griinen Zweigen pollenreich sind. Wenn meine 
Vermutung richtig ist, miiBte die „Erholung“ in Fi auch schon ab- 
geschlossen sein. Solange diese Fragen nicht beantwortet sind, bleibt 
alles hypothetisch. 

Auch die von Schwemmle gefundene Abanderung der Genome 
in spateren Generationen kann vielleicht auf ein gelauflges 
Schema gebracht werden. Wenn die in den fraglichen Bastarden ver- 
einigten Komplexe auch keine ganzen Chromosomen austauschen, so 
konnten sie doch Chromosomenstiicke auswechseln ; in den Chrbmo- 
somenringen von Onagra ja crossing over vi elf ach angetroflen. 
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Falls dann unter den cross-overs gunstiger konstituierte Typen sind 
als die nrspriinglichen, kdnnen die neuen Typen leicht unwillkiirlich 
ausgelesen werden. Auch die Erholnng inbezug auf die Laubfarbe 
konnte mit solcher Selektion gewisser Genotypen zusammenhangen ; 

sehr die Laubfarbe von der genischen Beschaffenheit der Kom- 
p exe abhangt, babe ich bei Oncigrd oft beobachten konnen (ebenso 
mem Schuler Krumbholz), wenn es sich hier auch urn Austausch 

fwLXn Zusammenhang 

Oelkrug anrh Plastiden hat Schwemmle’s Schuler 

OELKRUG auch fur Eu-Oenothera schon angenommen, der in der 
spateren Nachkommenschaft der Kreuzun^ Oe. Bartmkna x Lms- 
mcht schon m der Fi, Schecken angetroffen hat 
SOHWEMMLE nimmt, wenn ich ihn richtig verstehe, an, dafi in 
emer gegebenen Bastardsippe die „Umstinnnung“ des Plasma und 

dne gleichermalien in alien Indivi- 

duen abspielen. Aber bei der Schwachlichkeit der betreffenZ 

vorliegen differenzierte Sterblichkeit 

f f • ausstehende Entscheidung, ob die geno 

ypischen Abanderungen reversibel Oder irreversibel sind (S 186) 

Djn wenn Selektionsvorgange dabei eine Rolle spielen, werden sie 
b. Ruckkreuzung wohl auch in rUckIfiu%er RieLng zu treib “ 

sichere Erganzung zu den Befunden Schwemmles 
halte ich nur die Feststellung, daB die verwendeten Arten Z p! 
OOTotftero spezifisch konstituierte Plastiden besitzen und durch den 

gen lahrt Da? Au"" t" ^“^‘‘“•'en PoT 

blassen Basfarde w^tr^sr^ 

Kombinationen die beobaltete Vet f . ” "™er genischer 

fUhrt, mbchte ich nur a^zu ^Itend? Sch^ 

SCHWEMMLE ins Auge gefafiten Mn 4 - ^ den von 

Wenn Schwemmle das Richtige tri^^ R stellen. 

wiirdigen Fall von Anpastn^^^^^ Pllf 

der Plastiden— wurde sich i^ frpmri ' 7 Plasma— mit Einschlufi 
adaptativem Sinn vertodtr? fnd .7, “ 

Genome in fremder plasmatischer Ura7b7g- <^16 

dasStudium derguteriiTiPTi /^nigepung, zur Erganzung wfe 
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2. F 2 -Generationen blasser O/iag'ra-Bastax'de 

Nach den Mitteilungen Schwemmle’s erscheint es notig, blasse 
Bastarde von Onagra. in einer grofieren Zahl von Generationen auf- 
zuziehen als ich bisher getan babe, tlber F 3 hinaus babe icb solcbe 
Bastarde friiber nicbt verfolgt, und icb kann auch jetzt iiber weiter 
fortgesetzte Ziicbtungen nocb nicbt berichten. Aber eine Versiicbs- 
reibe ist in Angriff genomnaen. 

In der zweiten Generation der gelbgriinen Oenothera (biennis x 
suaveolens) rubiflava und reziprok babe ich auch diesmal wieder nicbt 
das geringste Anzeicben eines Kraftigerwerdens gegeniiber der Fi 
finden konnen; mit der Fi zu vergleichen ist naturiich nur die Ver- 
bindung rtibe^is • flavens, nicbt die in grolSer Zahl herausspaltende 
lutescens = Sp -flavens • sg-flavens bezw. sig-flavens • sg~flavens, die 
aber ebenso blab ist wie die rubiflava. — Was den friiher (1936, S, 243) 
erwahnten Unterschied zwischen den beiden reziproken rubiflavae 
betrifft, so ist die rubiflava aus suaveolens als Mutter auch in der 
2. Generation deutlich scbwacher gefunden worden als die reziproke, 
wie in der Fi . 

Auch die aus Lamarckma x Hookeri-curva wei^randig gewon- 
nene blafigriine Hookeri-velutina (1936, S. 271) lieferte bei Selbst- 
bestaubung nur blasse Samlinge, wohl teils * ^Hoo/ceri tells 

'^Hookeri • velans, YOU denen nur wenige so kraftig wurden, dafi sie 
ausgepflanzt werden konnten. 

Die rubipicta = ping ens • rub ens aus Oe. cruciata x biennis ist an 
und fiir sich dunkelgriin, wird aber durch eingeimpfte biennis- 
Plastiden oft sehr stark gelbscheckig, einige Individuen werden sogar 
ganz gelb und gehen ein ohne zu bliihen. Ob eine zweite Generation 
mit &^enms-Plastiden lebensfahig ist, lafit sich also nur in der Weise 
priifen, dafi gelbe oder wenigstens gelbmantelige Zweige gescheckter 
Individuen selbstbestaubt werden. Samlinge von solchen Zweigen 
sind immer gelb und sterben, ohne nach der Entfaltung der Kotyle- 
donen Primarblatter zu erzeugen. Dafi die blassen Plastiden im 
gelben Mantel periklinal-bunter rubipicta gesunde dwT^ms-Plastiden 
sind, zeigen die Verbindungen geVoTaudiger rubipicta mit {biennis x 
Lamarckiana) albivelutina & und mit Lamarckiana $ . In beiden 
Fallen ist die Nacbkommenscbaft — ping ens -v elans und rub ens- 
velans, bezw. velans • rubens — rein griin, ohne Spuren von Scheckung. 

Ebenso lieferte ein ganz gelbgriiner Ast einer gescheckten rubie- 
flexa nur gelblichweibe bis hellgriine, sehr bald sterbende Samlinge. 
Die rubieflexa war aus rubicurva x rubieflexa weifi gewonnen 
(1936, S. 273), ihre griinen Plastiden stammen aus muricata, ih.YQ 
blassen aus biennis. 
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Es soil nun das Verhalten der S^eTzms-Plastiden in der rubipicta 
auf die Weise iiber mehrere Generationen verfolg-t werden, dafi immer 
rein griine Individuen mit gelbmanteligen Pflanzen derselben Pamilie 
gekreiizt werden. Palls eine „Umstimmung‘' der Plastiden im Sinne 
emer Anpassung an die Wirkung des ^im^'ews-Komplexes eintritt 
miifiten die blassen Bezirke der Schecken mit der Zeit besser griin 
werden, im giinstigen Fall so weit, da6 aus den blassen Anteilen durch 
Selbstbestaiibung lebensfahige Nachkommenschaft zii gewinnen ware. 
Aber auch wenn dieses Ziel erreicht wiirde, was mir nach meinen 
bisherigen Erfahrungen ganz unwahrscheinlich ist, ware noch zu 
die Veranderung wirklieh auf Umstimmung der Plastiden 
und mcht auf Selektion neuer geniseher Kombinationen beruht. 


Nr. 1. 


Belege 


(Lamarckiana X Hookeri-curva weiBrandig) Hookeri-velutiva rnnc iQQK/oin>k 
.e^^tbestaubt: 75 bla«g.u„e S5.,inge, nufl 2 kontSnlCpflrtS 

^-biennis xsuaveolens) h-rubiflava 1 (aus 1936/2481 splbssfb > sn 
Samlinge, 32 ausgepflanzt, der Rest vorher gesteben S 
schwache R-rubiflam und 25 ebensolche r-hitescem. 1936/198 

'■ s;2m' ^ 

SSS f •Astx(6i.n»a>< 

bluhend 41 vinaens. JjZ. 7 bamhnge, 1 gelblichweiBer gestorben ; 
gescheckt. 1936/202. ’ r , ens > velans, alle griin, kr/iftig, nicht 

80 alle 

-wei^-andig) R-rubie/lexa (aus 1936/239), blaBgriiner 
r 9 ? 6/208 ^'^'^'" ^^IWichweiBe bis hellgrUne SamlingeVare gLtS^^ 


Nr. 2. 


Nr. 3. 


Nr. 4. 


Nr, 


Nr. 7. 
Nr. ,8. 


3. ErhaUung der spezifisehen Qualitat der Plastiden 

die berichtet 

Rand cler weiBe 

^ZZ TlenZn T 7“ ® erraschend, dafi die Verbindung 
Lt i ^‘‘"“"^“'“-Plastiden ebensogut ergrflnt wie 

Chromatophoren TO^sr^rund und die 

verhalten. Die weLre Tnalvse ^77 7 "7 

bestatigt. Analyse hat aber die fruhere Deutung 



1937 


Zur Kenntnis der Plastiden- und Plasmavererbung 


649 


Es wurden von {cruc, weiBr. x biennis) rubipicta zunachst zwei 
ganz griine Individuen verwendet, ohne Spuren der so haufigen Varie- 
gation, die durch die &iew7Z2s-Plastiden verursacht wird. Bei Selbst- 
bestaubung entstehen nur griine Pflanzen. Bei Bestaubung rnit dem 
Pollen von cruciatd entstehen aber zur Hauptsache w e i 6 e Samlinge, 
was beweist, daB die griinen Plastiden der als Mutter verwendeten 
rubipictae eben nicht crucidta-, sondern fremde Plastiden waren, und 
zwar nach der Entstehungsgeschichte Lanuirckiana-'Plastide'D.. DaB 
auch ziemlich viel griine pingens • flectens = criiciata entstebt, 
stimmt mit friiheren Erfahrungen (1936, S. 275) gut iiberein; die 
durch den Pollen eingefiihrten cr-iiciata-Plastiden vermehren sich gut, 
weil sie mit alien zugehorigen idiotypischen Elementen zusammenkom- 
men. Neben cruciata waren auch einige rubiflexa-ljidividuen zu 
erwarten, weil die rubipicta nicht nur pingens-, sondern auch rubens- 
Eizellen hat; vielleicht sind die rubiflexa-S'^mlmge alle bleich ge- 
blieben. 

Aus derselben rubipicta~F amilie wurden gelbrandige Zweige 
zweier gescheckten Individuen verwendet, mit 6ieiinis-Plastiden im 
blassen Mantel. Selbstbestaubung gibt nur blasse, bald sterbende 
Samlinge, wie bei der gewohnlichen (cruciata x biennis) rubipicta. 
Die Bestaubung eines solchen gelbrandigen Zweiges mit dem Pollen 
von cruciata gibt wieder im wesentlichen bald eingehende, ganz blasse 
Samlinge, einige gescheckte oder ganz griine bleiben am Leben, sind 
cruciata. 

Auch die pictivelutina, die aus cruciata weiBrandig x albivelutina 
gewonnen war (1936, S. 276), ist daraufhin gepriift worden, ob sie 
wirklich zur Hauptsache Lamarckiana-Vla^iidan besitzt, wie friiher 
angenommen ; durch den Pollen eingefiihrte biemis-Plastiden werden 
vorkommen, ohne sich in der Farbung zu unterscheiden. Bei Selbst- 
bestaubung entstanden nur griine Pp- und FV -pictivelutina. Bei 
Bestaubung mit dem Pollen der cruciata dagegen traten wie erwartet 
war weifie, griin-weiB -gescheckte und gelbgriine Samlinge auf. Was 
von den Schecken am Leben blieb, erwies sich als cruciata = pingens • 
flectens, teils normal teils V-cruciata (weil P von velans auf pingens 
iibergeht). Die gelbgriinen Samlinge waren velans. flectens, von 
derselben Farbe wie primare (Lamarckiana x cruciata) flexivelutina. 
Die Plastiden der griinen pictivelutina haben sich also als typische 
Lamarckiana-Flastiden ausgewiesen. 

Bemerkenswert ist, dafi die gelbgriine flexivelutina dieser Riick- 
kreuzung von pictivelutina mit cruciata, ebenso wie der schon oft auf- 
gezogene primare aus Lamarckiana x cruciata gewonnene Bastard, 
keine Variegation mit dunkelgriin zeigt, wahrend die weiBen cruciafa- 
Samlinge die aus dem Pollen iibergetretenen cnicmta-Plastiden in 
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ihren satt griinen Bezirken so deutlich zur Schau tragen. Aus 
gewohnlicher {cruciata x Lamar cMana) pictivelutina durch Riick- 
kreiizung mit cruciata c? gewonnen, also mit Plasma und Plastiden 
von cr^iciata ausgestattet, ist die fiexivelutina dunkelgriin. Die 
Erscheinimg ist wohi nur durch die Annahme zu erklaren, dafi die 
durch den Pollen eingefiihrten cnmmta-Plastiden sich in Anwesen- 
heit des 'welatis-Komplexes und der Lamnrc/cmno-Plastiden schlechter 
vermehren als diese. Diesen Vorteil haben die Plastiden der 
Lamarckiana vor denen der cruciata in der fiexivelutina selbst dann, 
wenn das Cytoplasma von cruciata stammt ; das ist wohl das interes- 
santeste Ergebnis dieser Kreuzung. 

Belege 

Nr, 9. ruhipicta griin 1 (aus eruoiata weiBrandigx5te«ms, 1936/217) selbstb,: 49 
griine ruhipicta. 1936/207. 

Nr. 10. griin 3 sslbstb.: hQ grune ruhipicta. 1936/213. 

Nr. 11. ruhipicta griin Ixcruciata'. 24 weiB, weiB-griin-gescheckt, 17 griin; ausge^ 
pflanzt 22 cruciata, davon 17 griin, 6 gescheckt. 1936/208. 

Nr, 12. ruhipicta griin Sxcruciata : 12 weiB, 8 griine cruciata, davon 3 weiBscheckig, 
im Beet nur noch 1 stark gescheckt. 1936/214. 

Nr. 13. ruhipicta gelbrandig 2 selbstb.; 33 gelbgriine Samlinge, alle gestorben, 
1936/211. 

Nr. 14. gelbrandig 4 selbstb.: 35+14 wie vorher. 1936/209. 

Nr. 16. ruhipicta gelbrandig 2xcruciata : 28 weiBe Samlinge, davon 11 gr'iinscheckig ; 

ausgepflanzt nur noeh 6, cruciata, davon 3 ganz griin, 2 gescheckt, 1936/212. 
Nr. 16. pictivelutina {ans cruciata wei&randigx albivelutina, 1935/218) selbstb.: 46 
griine piciivehitina, teils pP teils PP. 1936/2 6. 

Nr. 17. pictivelutinax cruciata: 30 weiBe Samlinge gestorben, 15 griinweiB gescheck- 
te, 13 gelbgriine ; ausgepflanzt 26 ; bliihfcnd 12 gelbgriine flexivelutina, 10 
griine cruciata, teils p teils P, 7 davon weiBscheckig, auch P dabei. 1936/29, 

4. Verhalten defekter Plastiden bei Paralbomaculatio 

Von durch Mutation defekt gewordenen Plastiden habe ich die 
der albomaculaten M-albiflava weiter verfolgt, die 1936, S. 282 
beschrieben ist, und zwar in der Verbindung pingens • M-flavens aus 
der Kreuzung cruciata x Isl-alUflava weifirandig. Diese W-pictiflava 
war teilweise stark weifischeckig, und sowohl weifimantelige wie ganz 
weifie Zweige wurden fiir die Weiterzucht verwendet. Die Selbst- 
bestaubung ganz weifier Zweige gab nur farblose Samlinge — zuerst 
sind die Kotyledonen blafi griinlichgelb, dann werden sie fast weifi — , 
die von weiflrandigen Zweigen lieferte neben weifien teilweise auch 
griin-weifi-gescheckte bis ganz griine Pflanzen, ein Beweis dafiir dafi 
die Keimzellen nicht immer aus dem blassen Mantel, sondern mit- 
unter aus dem griinen Kern hervorgehen, wie es auch bei weifi randiger 
cruciata beobachtet ist (1936, S. 275). Damit ist also bei alien Ver- 
bindungen zu rechnen. Ob auch „gemischte“ Keimzellen mit griinen 
und farblosen Plastiden vorkommen, IMt sich noch nicht entscheiden. 
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Bei Bestaubung weifier bezw. albotunicater Zweige der M- 
pictifld'va mit dem Pollen rein griiner Pflanzen derselben Familie 
mufiten lebensfahige’ Griinschecken entstehen, ebenso wenn Pollen 
von Oe. cruciata, muricata, mbiflava mit muricata-'PlaBtiden ver- 
wendet wurde. Das ist auch immer der Fall gewesen, und zablreiehe 
Individuen dieser Verbindungen sind sogar ganz griin geworden. 
Solche ganz grtinen Pflanzen konnen allerdings auch aus griinen 
Eizellen der albotunicaten Zweige hervorgegangen sein, aber nicht 
selten brachten zunachst ungescheckte Individuen zur Bliitezeit noch 
farblose Grundseitensprosse hervor, waren also doch aus Zygoten mit 
farblosen und griinen Plastiden entstanden. Besonders gut griin 
wurde in der Verbindung pictiftava X cruciata die rekonstruierte 
GTUciata, aus der oben (vgb S. 649) angedeuteten Ursacbe. Die kleine 
Tabelle illustriert das Verhalten der cruciata gegeniiber dem der 
flaviflexa. 

Von der cruciata war also fast die Halfte ganz griin geworden, 
von der flaviflexa nock nicht einmal 10%. Leider lassen die ganz 
blassen Samlinge sich noch nicht bestimmen, es ist also unbekannt, 
wie hier das Verhaltnis zwischen cruciata und flaviflexa sich stellt. 

Von besonderem Interesse waren die Verbindungen der weifien 
pictiflava mit biennis (S> und suaveolens o' . Die primaren Kreuzun- 
gen cruciata x biennis und cruciata x suaveolens geben gescheckte 
rubipicta und pictiflava, wobei die durch Pollenplastiden blassen 
Anteile des Daubs aber betrachtlich besser gefarbt sind als die zuletzt 
ganz weiflen Defektbezirke der albomaculaten pictiflava. Die Sam- 
linge der neu gepriiften Verbindungen lassen nun, wie zu erwarten, 
die ganz blassen, mit kranken Plastiden ausgestatteten und die blafi- 
griinen, mit gesunden, aber nicht voll ergriinungsfahigen Plastiden 
beimpften Areale deutlich unterscheiden, bevor sie zugrunde gehen. 

Die Kreuzung pictiflava weifirandig X (biennis X Lamarck.) 
albivelutina F,, sollte zeigen, ob die Verbindung pingens • velans mit 
hfe^zm's-Plastiden voll ergriinen und leben kann. Fine friihere 
Beobachtung an cruciata weifirandig (mit blassen Plastiden von 
Lamarckiana) X albivelutina hat die sichere Entscheidung wiin- 
schenswert gemacht (1936, S. 276), und die Ausheilung einer an und 
fiir sich blassen Verbindung durch Einfiihrung geeigneter Pollen- 
plastiden ist sicher eindrucksvoller 
als das Ausbleiben der Variegation 
bei einer an und fiir sich griinen 
Verbindung. Tatsachlich wurden 
einige Schecken der genannten 
Kreuzung zu bliihbarer, albomacu- 
later pictivelutina, deren griine 


Nr. 

cruciata 

griin 

cruciata 

bunt 

■ 

flava 

grun 

flava 

bunt 

221 

0 

1 

2 

7 

230 

7 

7 

0 

16 

227 

4 

3 

0 

13 

228 

4 

6 

2 

6 

Summe 

15 

17 

4 

41 
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Plastiden nun von biennis stammen; andere werden zu ebensolcher 
fiavivelutina. Bemerkenswert ist hier wieder, wie wenige Samlinge 
eine geniigend grofie ZaM ergriinungsfahiger Pollenplastiden besassen, 
um am Leben zu bleiben. Augenscheinlich vermehren sich die hiennis- 
Plastiden im Zusammenleben mit dem cmcmto-Plasma und mit den 
Komplexen pingens und velcms nicht gut. Am Cytoplasma allein liegt 
das sicher nicht, denn in der {cruciaia x biennis) vermehren 

sich die hier nicht ergrunungsfahigen 5ie%ms-Plastiden ja ausgezeich- 
net. Vielleicht spielt auch irgend eine Wirkung der kranken Plasti- 
den, die sich gerade in der gegebenen Konstellation von Geno-, Plasto- 
und Plasmotypus besonders geltend macht, eine Rolle. 

Interessanter aber noch ist das Verhalten der kranken Plasti- 
den bei dieser Kreuzung. Die spater sterbenden Samlinge aus picti- 
flava 'weilSrandig x albivelntina werden namlich viel besser griin als 
die aus Selbstbestaubung gewonnenen. Die defekten Plastiden erzeu- 
gen also mit den Kernkombinationen pingens * velans und flavens • 
velcms mehr Farbstoff als mit der Kombination pingens * M.-flavens. 
An den erwachsenen Scheckpflanzen sind die blassen Anteile dann fast 
so blafi wie bei der albomaculaten M-pictiflavn. Da den durch Muta- 
tion defekt gewordenen Chromatophoren immer noch ein gewisses 
Vermbgen der Farbstotfbildung bleibt, kann es nicht Wunder nehmen, 
dal3 die Menge (und Qualitat?) der gebildeten Pigmente von der 
genomatischen Umgebung in ahnlicher Weise abhiingig ist wie bei 
den gesunden Farbtragern, Aber bis jetzt war keine der gepriiften 
Komplexverbindungen imstand, solchen mutierten Plastiden wieder 
zur Bildung einer Farbstoffmenge zu verhelfen, die die Photosynthese 
erlaubt hatte.— Dafi die Verbindung flavens ^ flectens die kranken 
Plastiden. ganz blab werden la fit, ist nicht verwunderlich, weil schon 
die gesunden suaveolens-Chromatophoren mit dieser Komplexverbin- 
dung farblos werden. 

Belege 

Kr. 18. M-pictiflava (aus cruciataxMB-albiJlava albomaculat ; 1936/198) 1, weiBrandi- 
ger Zweig I, selbsfb.; 61 weiBe, 34 gescheckte bis gr'une Samlinge ; ausge- 
pflanzt 32, bliihend 14 pictiflava, davon 6 gescheckt, 9 griin, und 16 luteseens, 
davon 1 gescheckt, 14 griin. 19S&I216.— Luteseens kann auftreten, weil der 
verwendetej^areres-KompIex sp statt des letalen Sp besaB. 

Nr.l9. Ebenso, weiBrandiger Zweig II, selbstb.: 27 weiB, 13 gescheckt bis griin; 
ausgepflanzt 13, alle bliihend, davon 7 pictiflava, 6 gescheckt, 2 griin, und 6 
luteseens, 1 gescheckt, 4 griin. 1936/217. 

Nr. 20. Ebenso, weiBrandiger Zweig III, selbstb.; 7 weiBe Samlinge. 1936/226. 

Nr. 21. pictiflava 2, weiBrandiger Zweig selbstb.: 43 weiB, 2 gescheckt ; ausgepflanzt 
und blii .end 2 groBe gescheckte pictiflava. 1936/223. 

Nr. 22. pictiflava 3, weiBrand. Zweig I selbstb,: 67 weiB, 1 gescheckt, 1 griin ; aus- 
gephanzt und bliihend 2 luteseens, 1 gescheckt, I griin. 1936/231. 

Nr. 23. pictiflava 2, ganz weiBer Zweig I, selbstb.: 21 weiBe. 1936/226. Ebenso, 
ganz weiBer Zweig II selbstb,: 28 weiBe. 1936/229. , 

Nr.24, pictiflavaZ, weiBrandiger Zweigxgriiner Zweig: 9 weiB, 37 gescheckt, 3 griin; 

ausgepflanzt 31, meist gescheckt, teils' teils Jutescem. 1936/224. 
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Nr. 25. pictiflava 1, ganz weiBer Zv/eig xcruciata: 2 weiB, 12 gescheckt bis griin,; 
ausgepflanzt 10; bluhend 1 cruciaia gescheckt, 9 flaviflexa, 7 gesch^eckt, 

2 piin. 1936/221. 

Nr. 26. pictiflava 2, ganz weiBer Zweig x critcmfa : 23 WeiB, 33 gescheckt, 2 grun ; 
ausgepfi. 31 ; bliihend cruciaia 7 gescheckt, (davon stark bunt nur 2), 7 griin, 
mid flaviflexa 15 gescheckt, davon stark gescheckt 8. 1936/280. 

Nr. 27. pictiflava 1, weifirandiger Zweig III x cruciaia ; 11 weiB, 25 bunt ; ausgepfi. 23 ; 

bluhend cruciaia bunt 3, griin 4, und flaviflexa hmxt 13. 1936/k27. 

Nr. 28. pictiflava, 1, weiBrand. Zweig IV x : 20 weiB, 15 bunt, 4 griin ; aus- 

gepfl. 19 ; bluhend cruciaia bunt 6, griin 4, und flaviflexa bunt 6, griin 2. 
1936^8. ' 

Nr. 29. pictiflava 1, weiBrand. Zvreiglx'R-hiennis : 64 blaB, teilweise deutlich hellgriin 
gescheckt, alle gestorben. 1936/219. 

Nr. 30. pictiflava 1, weiBrand. Zweig \lx^-hiennis : 66 blaB, einige deutlich hellgriin 
gescheckt, alle gestorben. 1936/222. 

Nr. 31. pictiflava 1, weiBrand. Zweig TLxmuricata'. 5 weiB, 29 bunt, 16 griin ; 

ausgepfi. 32, picticurva xmd flavicurva, beide teilweise bunt. 1936/220, 

Nr. 32. pictiflava 2, weiBrand. Zweig 1 x suaveolens ■. 120 blaB, teilweise deutlich 
hellgriin gescheckt ; nur 2 Schecken bleiben am Leben, werden ausgepflanzt, 
bleiben schwach. 1936/232. 

Nr. 33. pictiflava 1, weiBrand. Zweig x albivelutina : 73 gelbgriin, teilweise griinbunt • 
ausgepfi. 8; bluhend 3 pictivelutina, A flavivelutina, alle 7 stark weiflbunt. 
1936/218, 

Nr. 34. pictiflava 3, weiBrand. Zweig xrubiflava mit 'mMr/cafa-Plastiden : 17 weiB, 40 
bunt, 2 griin ; ausgepfi. 21, teils pingens ' flavens, teils, flavens ' ru' ens, teils 
lutescens == flavens • flavens, tast &\\e hunt, xivlT 2 gsmz gTmx. 1936/233. 

Zusammenfassung der Ergebnisse 

Bei Artbastarden von Eu-Oenothera kommt, wie bei Onctgra, 
Variegation des Laubes vor. Die Unterschiede in der Laubfarbe der 
reziproken Bastarde riihren also mindestens zum Teil von Konstitu- 
tionsunterschieden der artspezifischen Plastiden her. Ob die 
„Erholung‘' der in Fi blassen Bastarde in spateren Generationen 
(Schwemmle) mit der Aussortierung der besser ergriinenden 
Plastiden zusammenhangt, bleibt zu untersuchen. 

Besseres Ergriinen blasser Omigra-Bastarde in der zweiten 
Generation ist wieder nicht beobachtet worden, wenn nur eine einzige 
Plastidensorte vorhanden ist. Die Beobachtiing soil aber hber eine 
grofiere Zahl von Generationen fortgesetzt werden. 

Fiir das Erhaltenbleiben der artspezifischen Qualitat der 
Plastiden in Bastarden wird neues Material beigebracht. 

Die Vermehrungsgeschwindigkeit der Plastiden scheint wie ihre 
Ergriinungsfahigkeit von der idiotypischen, vor allem genotypischen 
Umgebimg abzuhangen. 

Auch durch Mutation defekt gewordene Plastiden erzeugen in 
Verbindung mit verschiedenen Komplexkombinationen verschiedene 
Mengen (und Qualitaten?) von Farbstoff, wie die gesunden Plastiden. 

Partenkirchen, im September 1936 
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Possibility of Crossing-over between Semihomologous Chromosomes 
from Two Different Genoms 

By 

H. Kihara and I. Nishiyama 

Kyoto Imperial University 

It is remarkable that the artificially raised allopolyploids show 
high irregularities in maturation divisions. They are often highly 
sterile. For instance, Aegilotricum obtained in our Laboratory 
.(Kihara and Katayama 1931) had often 2 univalents in the first 
maturation division, while they are rarely found in the parents. The 
fertility was 39% by selling and 61% in open pollination. Cor- 
respondingly gametes with 20 (or 22) chromosomes, besides normal 
ones, were- expected. The occurrence of the 20-chromosome gamete 
was proved by the crossing experiments. Abnormality is more 
frequent in Secalotricum studied by Lewitsky and Benetzkaia 
(1931). 2-6 or even more univalents were found during the first 
maturation division. Abnormalities do exist also in the maturation 
divisions of the natural allopolyploids. But they are rather rare. 

The reason why the abnormalities in the maturation divisions 
of newly produced allopolyploids are very often, is not sufficiently 
investigated. 

Since 1934 we have had the opportunity to study many indivi- 
duals obtained from the back-crossing, (Triticum polonicum x 
HaynaMia mllosa) X T. polonicum which showed great diversity in 
the intensity of the chromosome conjugation and number of bivalent 
chromosomes. 

^ The authors have also given attention to the origin of gametes 
having eu-, hypo-, and hypertriploid chromosomes. Genetical studies 
which are not yet completed, will be published in another paper. 

Material and methods 

Hayncddia villosa (n — 7) was sent by Dr. J. Motte (Mont 
pelUer) to whom we express our sincere thanks. THticum- polonicum 
{n ~ 14) is the old material in our culture since 1919 (Kihara 1924) . 

One Fi (T. polonicum x H. villosa) was made by Mr. Waka- 
KUWA in 1 934. This was back-crossed with T. polonicum, dicoccum 

1) Contributions from the Laboratory of Genetics, Biological Institute 
Kyoto Imperial University, No. 82. ^ ifewtuie, 
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and spelta. The back-cross gave many plants. The symbol for Fi 
obtained from the back-crossing is BFi . Two BFi (Fi x ^olonieum) 
were again back-crossed with T. polonicum. The results of crossing 
experiments are given in Table 1. 


Table 1. Results of crossing experiments 


9 c? 

No. of florets 

No. of seeds 
obtained (%) 

No. of plants 
obtained (%) 

T. poLxH. vill. 

120 

1(0.8) 

1(0.8) 

FixT. polonicum 

192 

66(34.4) 

33(17.2) 

FixT. dicoecum 

160 

39(26.0) 

34(22.7) 

FixT. spelta 

: ' 60 

16(30.0) 

18(26.0) 

Sum 

392 

120(30.6) 

80(20.4) 

BFi-20xT’. polonicum 

24 

7(29.1) 

6(25.0) 

T. pol.X BPi-14 

30 

J 

5(16.7) 

3(10.0) 


For the cytological study, permanent and smeared preparations 
are employed as usual. 

The chromosome numbers of the Fi and its offspring were 
determined by chromosome counts of PMCs. Sometimes the results 
were ascertained by the microscopical investigations on root tips. 

Meiosis in Fi 

As expected, the 
Fi had 21 chromo- 
somes. Bivalent chro- 
mosomes in the first 
metaphase of PMCs are 
almost always very 
weakly associated (Figs. 

1-3). Their number 
varies from 0-4. Biva- 
lents with one inter- 
stitial chiasma are 
sometimes found (Fig. 

4) . Counts of 100 
PMCs are given in 
Table 2. 

The number of 
univalents varies from 
13 to 21. They as- 
semble in the early 
metaphase usually near 



Figs. 1-4. PMCs at the first metaphase in T. 'poloni- 
cumx H. villosa Fi {X16B2). 1. 21 univalents. 2. 1 
bivalent and 19 univalents. 3. 2 bivalents and 17 
univalents. 4. 4 bivalents and 13 univalents. 
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Table 2, Variation of bivalent chromosomes 
in PMCs of the Fi {T. polonicumxH. villosa) 


No. of Biv. 

0 

1 

2 

1 

3 

Total 

1 

Frequency 

42 

38 

18 

2 

100 


of them are divided equationally in the 
build often a chromosome bridge. 


the poles, before they move 
to^ward the equator. They 
form often very regular 
nuclear plates. Inspite of 
the regular arrangement of 
the univalents only a part 
anaphase and the undivided 



Fig. 5. pMCs at the first telophase (xl360), I. Chromosomes are divided into two 
daughter nuclei. II. The same with small a,dditional micronuclei. III. Two daught- 
er nuclei are bound by a chromosome bridge. IV. One restitution nucleus with small 
isolated nuclei, V. One big restitution nucleus. 

The chromosome bridge seems, in most cases, to be cut into 
two pieces during the cytokinesis. Often the chromosomes arranged 
near the equator do not move to the poles and are included in a giant 
restitution nucleus.’) The PMCs in the telophase are classified into 
the following 5 types (Fig. 6). 

I. Two daughter nuclei are present. 

11. Several microniiclei are present besides two daughter 
nuclei. 

III. Daughter nuclei are bound with a chromosome bridge. 

1) On the behaviour of chromosomes in hybrids see “Genomanalyse II’’ 
(Kihara 1931), 
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IV. One large nucleus (principal nucleus) and 1-2 or more 
micronuclei. 

V. One large restitution nucleus. 


Table 3. Frequency of different types of interkinesis 
PMCs as shown in Pig. 5. 


Types 

■I 

II 

III 

IV 

V 

Total 

Frequency 

18 

1 47 

10 

9 

■ 22 

106 

(%) 

17.0 

44.3 

9.4 

8.5 

20.8 

100 


The frequency of 
these 5 types of PMCs 
is given in Table 3. 

The tetrad formation is 
accordingly somewhat 
complicated. 

The gametes having 21 chromosomes (triploid), are originated 
from PMCs belonging to the type V. The hypo- and hypertriploid 
gametes can be produced from PMCs of the type IV. The assump- 
tion is based on the behavior of aberrant dyad chromosomes included 
in micronuclei. It is known that the micronuclei often show no 
indication of mitosis and are very often eliminated in the cytoplasm 
(Kihara and Lilienfeld 1936) . Owing to the loss of the chromo- 
some or chromosomes the principal nucleus gives hypotriploid 
daughter one. However, if they are included without division in 
one of the daughter halves of a principal nucleus, they may have 
hypertriploid number. 


Chromosomes of back-crossed Fi (BFj) 

BFi individuals had 34-35 chromosomes, when T. polonicum was 
used as pollen parent. The functional female gametes contained, in 
these cases, 20-21 chromosomes. But the variation of chromosome 
number was great, when T. dicoccum (n = 14) and T. speltd {n = 21) 
were used as pollen plants. The results are shown in Table 4. 

It is clear that 


Table 4* Frequency of functional gametes with different- 
chromosome numbers. Results obtained from back-crosses 


Chromosome number 

18 

19 

20 

21 

22 

23 

Total 

¥iX 'polonicum 

0 

0 

3 

11 

0 

0 

14 

YiXdicoccu'm 

1 

1 

2 

3 

0 

1 

S 

¥iXspelta 

0 

1 

2 

0 

2 

1 

6 

Total 

1 

2 

7 

14 

2 

2 

28 


the gametes with 
21 chromosomes are 
most frequently fer- 
tilized in the back- 
crosses and 20-chro- 
mosome gametes 
are also often fer- 
tilized. 

The chromosome conjugation, in the PMCs was very carefully 
studied in BFi with T. polonicum and T. dicoccum: The results 
■obtained from Fi XT. polonicum were summarized in Table 5. 

Prom this table: (Tab. 5) we can see at a glance that the con- 
jugation of bivalents, even in plants with 35 chromosomes, is not 
always quite as normal as expected. The gametes with 21 chromo- 
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Table 5. Chromosome conjugation in PMCs and fertility of BFi (Fix polonicum) 


Plant No. 


2n 


3 

4 

5 
9 

12 

14 

19 

20 
21 

23 

24 

25 

26 
32 


35 

36 

34 

35 

34 
(35) 

35 
35 
35 
35 
35 
35 

34 

35 


Conjugation 

(Modification) 


Tri- 

valent 


Tetra- 

valent 


Pollen 


Fertility % 


14ii+7i, (15ii+6i) 
14ii+7l 
13ii+8i 
14n+7i 

ISii+Si (14n+6i) 

14ii+7i (13ii+9i) 
34 ii+ 7 i 

14ii+7i, 15ii+5i 

14ii+7i 

I4ii+7i 

13ii+9i (14ij+7i) 

ISii+Sr 

14ii+7n 


+ + + 

+ no N 

+ + + + 

+ + + 

(no complex) 

+ 4- + 

+ + d-d- 

no complex found 
no complex found 
+ ■+’ d-d- 

d-d- d-d- 

d- d- 


j grams 

Open 

Self 

^ bad 

1.4 

_ 

very good 

16.1 

6.6 

bad 

0.0 



good 

1.9 

0.0 

bad 

5.0 


very good 

19.8 

7.7 

less good 

1.9 

0.0 

very good 

- 19.4 
0.0 

— 

very good 

22.2 

13.9 

very good 

22.4 

9.6 

good 

4.4 

0.0 

less good 

2.7 

_ 

very good 

— 

26.0 


+ + one trivalent (tetravalent) is often found 
+ rarely found 
- not examined 

somes should have 14 polonicum and 7 vUlosu chromosomes. There- 
fore it may easily be assumed that the conjugation between 14 
polomcum chromosomes from parents occurs quite normally This 
IS true for plants Nos. 4, 20, 23, 24 (Figs. 9-10) and 32, but not for 
plants Nos. 3, 9, 19 and 21 (Figs. 6-8). 

The studies are made on the number of cells with trivalent and 
tetravalent chromosome complexes in a BFi plant (BFi-21). The 
results are given in Tab. 6. 

Table 6. Frequency of the number of PMCs with trivalent and tetravalent complexes 

in BFi-21 


Prep. 

No. 

PMCs 
with no 
complex 

PMCs with 

' 

PMCs with 
liv 

PMCs with 

Total 

Ini 

2lii 

2iv 

bv-l-iiii 

3509-2 

3509-4 

53 

11 

A A '' 

19 9 2 

3 3 0 

n A 

1 \ i\i 

2 

2 

r/ r, t>o yi ^ 

18 3 2 3 1 

! 1 1 0 0 0 

n 

1 t iV 

1 

0 

.V]n 

1 

' 0 

114 

21. 

Total 

64 

22 12 2 

4 

19 4 2 3 1 

1 

1 

135 

64 

36 

4 

29 

2 

136. 


The complexes were found in nearly 50% of PMCs. The number 
of paired chromosomes is 14 or 15, if We count a trivalent as a single 
pair and a tetravalent as two. ^ 

34 chromosomes have almost always a chromosome 

cas^ One tf (hem ” “mplex was found in most 

cases One of them, which has often the modffied conjugation 
I4n + 6 1 , forms no complex. 
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The fertility of I 

the BFi plants is 
high, if there is no 
complex, and the 
combination of chro- 6 
mosomes is almost 
invariably 14n + 7i. 

The plants with 
complexes gave no 



offspring by selling. 

In Fi X dicoc- 
■cum the formation 
of trivalents and 
tetravalents was 
very frequent. In 
one plant (No. 6) 
(l~3)i„ and (1- 
2) IV were found. 
The reason can be 
■ ascribed to the 
slight difference of 
AB genoms be- 
tween polonicum 



and dicocGum (cf. 
Hosono, 1935). 
Therefore we have 
not used this mate- 
rial for further 
investigations. 

BFix T. poloni- 
cum and BFg 

For the back- 
crossing of BFi 
(Ft X polonicum), 
two individuals, 
BFi- 14 and -20 
were used. The 
former had pre- 
sumably 14ii + 7i . 
The latter, showed 
14ir -f 7i clearly in 
PMCs (Tab. 5). 




P 


Figs. 6-10. Chromosomes at the first metaohflqp i^rrr. 

back-cross, Fi x T. polonicum 
? fp- Q®"?- Chromosomes of BPi4l. 6. ufiT?! T 

^’^'shVwine'^14T^i7”'*’'q ' Chromosomes of BPi-24 
Showing I4ii-f-7i. 9, side view. 10, Polar view. 
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Table 7. Chromosomes and fertility in 
individuals obtained from T. polonievm X 
BFi-14 (186) and BFi~20xpoloniGum 1187) 


The results of crossing- experi- 
ments are quite similar to those 
obtained from back-crossing 
pentaploid wheat hybrids with 
4x parent (Tab. 7). 

The conjugation of chromo- 
somes is very tight and regular. 
The fertility of these plants is 
normal, if the chromosome num- 
ber is 28 as T. polonicum. The 
morphological characters are 
also identical to T. polonicum. They have, no villosa-'hSiiTS on the 
leaves. However, one individual (186-3) had shorter culms and 
blumed 2 weeks later. Its fertility (75% ) is not very low, if we con- 
sider the bagged condition. Whether or not this plant (185-3) has 
obtained a gene block from the villosa-genom is so far unknown. 

Many BF 2 plants were studied karyologically. But only a part 
of them are shown in Tab. 8, 


Plant No. 

2n 


Fertility (%) 

18B-1 

28 

14ii 

86.6 (open) 

185-3 

28 

14ii 

76.0 (self) 

187-1 

28 

14n 1 

86.8 (open) 

187-2 

33 

14n-b5i , 

2.0 (open) 

187-4 

35 

14n+7i 

7.1 (self) 

, 187-6 

1 .. 

36 

14n+'7i 

22.9 (open) 


Table 8. Variation in the chromosome number and the conjugation in PMCs of BF 2 


Plant No. 

2n j 

Conjugation 

Modification 

Remarks 

Fertility 

BFi 

BF2 

(Self)(%) 

4 

193-2 

34 

16n+3i-t- lfr(?) 



1.6 


-3 

33+lfr 

16n+3i4 Ifr 

often 

often N- and 

_ 




14ii+6i+lfr 

oc- complex 


14 

203-4 

37 

15n+7i 

9i 


8.3 


-9 

34 

1 I6n+2i 

4i 


0.0 


-10 

37 

16ii+5i 

7i 

Ira, liv 

2.3 


-11 

37 

lra+i7n 

5i 

1 heteromor- 

0.0 


-12 

36 

18ll+ll 


phic pair 



1611+ 4i 

llll-M6il+3i, (61) 

probably 1 frag:. 

1.2 


-13 

40 

17n+6i 

lni+17ii+3i 

18ii+4i 

2ra 

5.7 

23 

213-2 

37 

35 

15ii+7i 

1611+61 

17ii+3i (rare) 


■ 2.9 


-7 

15iiH-6i 

14ii+7i (rare) 


1.3 


-12 

35+lfr 

13n+9i+lfr 

14n+7i+lfr 

15n+Bi+lfr 


0.0 

24 1 

214-1 

-13 

36+2fr 

38+lfr 

17ii+3i-l-lfr 

14ii+8i+2£r 

16n+5i+lfr 

1 heteromor- 
phic pair 

0.0 


16ii+8i+lfr 

lm+16n+Ei+lfr 

17n+4i+lfr 

— 




32 

221-2 

37 

17n+3i 

lin+16n+2i 

1 heteromorphic 

0.8 





llV+l4ii+6i 

pair (sometimes 




37 

17ii+3i 


isolated) 



-6 

I611+61 

Tin, rarely 

7.9 



37 

I611+61 

lin+i6ii+2i 

liv 



-9 

lin+14ii+6i 

rarely N- 

16.2 


-11 

33 

14n-i-6i 

liii--l-18ii+4i 

]iii+lBii+4i 

complex 

15.0 
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The variation in chromosome number is quite similar to that 
of the pentaploid wheat hybrids. But the conjugation of chromo- 
somes is more complicated than that of 
BFi , However: the BFo , which had no 
trivalent or tetravalent complex in BFi 
(e.g. Plant Nos. 23 and 24), have again 
no complex. The fluctuation of the num- 
ber of bivalents within one and the same 
individual is very large. For instance, 

BFo 213-2 has 15-17 bivalents. 

It is significant that one or two frag- 
ments are often found. The reason can 
be traced back to the second division in 
the BFi , where very often the lagging 
chromosomes are fragmented (Fig. 11). 

Discussion 

The studies of the hybrid T. polonicum x Haynalclia villosa 
showed that 0-4 bivalents were found in the first maturation divi- 
sion. We know already that the maximum intergenomic conjugation 
between chromosomes of A and B is 3 (Kihara and Nishiyama^ 
1930). Therefore the fourth bivalent must be derived from the 
allosyndesis between semihomologons chromosomes of A or B and 
V. In the hybrid T. aegilopoides x H. villosa, however, 0-4 bivalents 
were found (Kihara unpublished) . The mode was 2. This indicates 
that at most 4 semihomologons partners exist between Asink. V. 
The genom A of Einkorn and A of Emmer are not true homologous, 
as already indicated by Kihara and Lilienpeld (1932). But the 
two are practically homologous. Therefore the number of bivalents 
in ABV can still be higher. At least we might find PMCs with a 
maximum of 5 bivalents, if we use a large enough number of PMCs. 

In BFi we found individuals quite different in their mode of 
chromosome conjugation; namely some of them were almost constant 
in the chromosome combination showing 14n + 7i . The remaining 
ones have also 142 i + 7i, but the trivalent and tetravalent complex 
are seen in different frequency and in two individuals nuclear plates 
with 15n + 5i and 14n + Tj were found. One of them (BFi-21) had 
these two modes of chromosome conjugation in an equal frequency. 

The unreduced gametes of Fi have a priori 14 polonicum- and 
7 villosa-chYomoBOin.es. Therefore we can expect only one chro'fno- 
some combination, namely 14n+ 7i or its derivative, 13n -f 9i. But 
if 1—2 villosa-chYomosomes associate with two corresponding ones 
from AB, we might find lui -p 13n + 61 and 2iii + 12n + 5i . However 



Fig. H. Second division, of 
BFi-24 showing fragmentation 
of a lagging chromosome. 
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15:1 + 5i were found in about 50% of all PMCs in BFi-21. This 
indicates undoubtedly that changes, occurred in the jyoloniciim chro- 
mosome complement derived from Fi . 

14 po/ommm-chromosomes in pure species, conjugate quite 
normally with their partners and form 14 bivalents. Only in very 
rare cases can one find 1-2 univalents. Tetravalents were not found 
(Hosono 1935). Therefore the formation of chromosome complexes 
in BFi-21 can be explained by the structural change in one of the 

po omczim-chromosomes. Such a change can be demonstrated in 
Diagram 1. 

Diagram 1 
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In this diagram ai and bi are chromosomes from A- and B- 
genoms respectively, they are homologous in the middle part The 
crossing-over took place in this part, a^ and b', are chromosomes 
hus made, p, and v^ are 'y^ZZosa-chromosomes which are homologous 
their end to ai and bi respectively. If the 12 remaining chromo- 
somes have no change in structure, then 12n + ai ah + b' v + h v 
make 15„ . Two of them b' v u T ^ \ i vo + b^Vi 
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and the occurrence of univalents. If such phenomena occur really 
in our present case, the supernumerary tetravalents can be explained 
by the realization of the otherwise latent affinity between two pairs 
of A and B genoms. The reduction of the number of the bivalent 
chromosomes may also be explained in a similar way. 

The explanation for the formation of 13 n + 8i and 14 n + 6i is 
rather easy. The hypotriploid gametes have lost chromosome “sii” 
of polonicum, then 13 n -f ai + Vi_7 = ISn -f 8i. As ai and V2 are 
semihomologous with each other sometimes ISu + aiV2 + 61 should be 
made. If the lost chromosome is not homologous to one of the seven 
villosa-chTomoBomes, they have only one combination 13 n + 81 (e.g. 
BFi-5). 

In the main, the working hypothesis seems to be- in harmony 
with results obtained in BFi . But we do hot intend to explain the 
whole mechanism of the unexpected chromosome conjugation with 
the simplest form of structural change, i.e. a single crossing-over 
between semihomologous chromosomes. The change is hereditary 
as the investigations with BF^ clearly indicate. 

This conclusion seems to be justified further by the results from 
back-crossing of BFi ( 14 ii+ 7 i) to T. polonicum. The conjugation 
of bivalents is very regular in all plants obtained from this crossing 
(Tab. 7) . 

The genomtype of BFi is AABBV and that of Fi is ABV. The 
crossing-over between semihomologous partners from A and B may 
easily occur only when A and B have no true homologous genoms, 
namely in ABV. The occurrence of an interstitial chiasma is also 
favorable for this assumption (Fig. 6. See also Kihara, 1936). 
Kostofp (1936) has illustrated the possibility of the crossing-over 
between semihomologous partners. 

The fluctuation of the number of bivalent chromosomes in BF2 
(No. 213-2) must be considered here. It is generally accepted that 
the pairing of homologous chromosomes is disturbed if there are 
many unpaired chromosomes. The pentaploid wheat hybrid with 
14ii + 7i, for instance, has often 13n + 9i and in rare cases 12n -p llj. 
The BF2 213-2 has 15-17 bivalents and 7-3 univalents. If we accept 
the above principle and assume that there are 17 homologous pairs 
and 3 nonhomologous chromosomes, the isolation of homologous 
partners are too frequent. The fertility of the plant is also too high 
(2.9%), as this plant is assumed to- belong to the group of sterile 
chromosome combination (Kihara 1924). We can not yet decide 
whether the principle under consideration may be applied in this case 
or in the change of chromosome complements which had already 
occurred in the 17 pairs in the preceeding generation. The latter' 
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alternative seems to fit this case. The change is perhaps due to the 
crossing-over between partners from A (or B) and V. 

The fertility of S6-chromosome BFi individuals is high, when the 
bivalen s are closely associated and no complex is found i^Th firs 
maturation division. The fertility of BP, x T. showig 

? 'a ^ ^ (14n + 7,). On the 

other hand the fertility of 35-chromosome plants with a toLlent or 

tetravalent complex is very low, and in one case completely sterile 
The low fertility can be explained by the incompleteness of the con' 

interchange 

t'Um;LiZe1“ Is*: hT«^: 

Many authors (Tschermak 1934, v. Berg 198S =!*Mno iqqa a 
Kostope 1936) have recently produced fertikP = u 
According to Sando, the F, plants of T. t„gi^ x r^Lroro' 

a pCr^Thrp ^ 

P • iiiG F3 wss rfluch hiffh.Gr in fpT’fili+tr ^ 

• “»■« '«■»» f”rss 

S. tr,riT;.“ 

explainGd by the diffGrGncp in nh erencG in fGrtility can be 

the structural change. ^omosomal abnormalities caused by 

2". turgidovillosum reported by v Bfrp nQQR\ i, 
latively normal conjugation giving in most cases 21 

first maturation division and gTve'' uTeducId 

regression of the second diviciinn t ^ ^ gametes, owing to the 

tudinal. splitting of all univalents seeZ^'trr™* 

not find such phenomena in our material On tr*'^ 7”' 

tution nuclei caused by the regression wo contrary the resti- 

The percentage of such PMCs is 20.8% (Ta^S)™ f^Oaently. 

and T. IhoccMOT and^T 'tlftat 20 47 Polmicum 

-•7... « .„ri“ "ss!:,r ’‘f 

IV, must give also functional gametes rha ’ ^ category 

IV and V, is 29.3%. if takp inf sum of the two types, 

difficulties in pollination a"d rnttlty T '*1 ™ 

mertality of gametes derived from 
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PMCs of IV, the difference between the calculated fertility and 
the result obtained may not be significant. 

V. Berg assumed in general that the unreduced gametes may 
arise in different ways. He gave (1) regression of the first division, 
(2) fusion of two sister plates in the second division and (3) equa- 
tional division of all univalents in the first maturation division 
following the regression of second metaphase etc. He assumed that 
the last one is most probable in his case. After v. Berg the last 
process is also suitable for the formation of gametes with pseudo- 
somatic chromosome number.^ From our observations the gametes 
with pseudosomatic chromosome number may be also produced from 
PMCs with one large, regression nucleus and two micronuclei (dyads) . 
If one of the micronuclei (one dyad) is lost in the plasm, and the 
other is included in the daughter halves of the principal nucleus, the 
gametes with pseudosomatic chromosome number will be formed. As 
already shown, we can easily explain the formation of hyper- and 
hypotriploid gametes from similar mechanism.- 

The microscopical observations made by v. Berg were closely 
alike in many respects except the longitudinal division of all uni- 
valents. The difference lies perhaps in the mother plants (T. turgi- 
dum and T. polohicum ) . 

The significance of gametes with so-called pseudosomatic chro- 
mosome number, for the complex formation in BFi may briefly be 
touched. Assume, that a gamete with 21 chromosomes lacks chromo- 
some “a” and has two “b” chromosomes instead, and the remaining 
19 chromosomes are normal. If such a female gamete is fertilized 
by the normal polomcum-s-perm., we get a 35-chromosome individual. 
The conjugation must be theoretically Im + 12ii + 8i or 13ii +-9i . 

If the loss and doubling of chrombsohies occur within villosa- 
genom, we can expect the chromosome conjugation 15n.-l- 5i . In this 
case, however, we cannot expect frequent occurrence of complexes, 
even if the duplicated chromosomes be the semihomologous one (for 
instance Vi shown in Diagram 1) . So far as the change of chromo- 
some number in the offspring of AABBV is concerned, its behavior 
is quite similar to that of the pentaploid wheat hybrids (Kihara 
1924) and triploid A7;em hybrids (Nishiyama 1934). The somatic 
chromosome number varies from 33 to 40. The plants belonging 
to the diminishing chromosome group will go to the polonicum condi- 
tion (AABB), and those of the increasing group will go to the final 

1) Chromosome number of the gametes is 21, but the content is not the 
same as the unreduced ones. Such gametes fail to have one chromosome from 
a complete complement (ABV), one chromosome exists in double dose. Such 
can be produced from PMCs with In + 19i. 
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allopolyploid condition (AABBVV). In these conditions the plants 
will recover complete fertility, if there is no> other cause to disturb 
the physiological balance. 

From these considerations made in the preceding lines we may 
conclude, in general, that the structural change in the chromosome 
can be a cause of the abnormality in the maturation divisions and 
low fertility of allopolyploids. 
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I. Einleitung 

Die Kernteilungen der von Collozoum und Sphaerozoum bekanii- 
ten extrakapsularen Korper gehen wie die intrakapsular ablaufenden 
Mitosen des gleichen Typus, die sich bei diesen und anderen Radio- 
larien finden, der Bildung sog. Anisosporen voraiis. Die Natiir 
dieser Anisosporen ist umstritten. Wie ich an anderer Stelle aus- 
fiihren werde, sehe ich in dem Vergleich der niedrigen Chromosomen- 
zahl der Anisosporogenese mit den ofFenbar weit mehr als doppelt so 
gro6en Zahlen der vegetativen Teilungen ein schwerwiegendes Argu- 
ment (auf das bereits Chatton kurz hingewiesen hat) zugunsten 
der vor allem von diesein Autor (zuletzt 1934) vertretenen AufFas- 
simg, wonach die Anisosporen garnicht in den Generationskreis der 
Radiolarien gehoren, sondern parasitische, mit Syndinium nahe 
verwandte Peridineen darstellen, fur die Chatton (1923) die 
Gattung Merodinium griindete. Die Frage, ob die extrakapsularen 
Korper zu Merodinium Brandti Chatton, das sich in Collozoum 
inerme intrakapsular entwickelt, zu rechnen sind oder eine eigene Art 
darstellen, muB z. Zt. offenbleiben. 

Die bereits von Hartmann und Hammer (1909) kurz gekenn- 
zeichneten Mitosen der extrakapsularen Korper wurden von Belaid 
(1926) genaiier analysiert. Er konnte das Auftreten des Langs- 
spaltes in den Prophasechromosomen und das Auseinanderweichen 
der Chromatiden verfolgen. Ich fand seine klaren Bilder, abgesehen 
von Belars zu niedriger Schatzung der Chromosomenzahl und der 
angeblichen Auflosung des Nukleolus, in alien wesentlichen Punkten 
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bestatigt imd darf mich daher im folgenden des ofteren auf seine 
Fig. 88 beziehen. 



Meme Befunde stellen insofern eine Fortsetzung der BELAfechen 
Untersuchimg dar,als jene den von BELAii in so ausgedehntem Masse 
gefiihrten Nachweis der Wesensgleicheit karyologischer Grund- 
phanomene bei Protisten imd hoheren Organismen auf zwei Prinzipien 
ausdehnen, die erst in den letzten Jahren bei Metazoen und Meta- 
phyten entdeckt oder doch wenigstens in ihrer allgemeinen Bedeutiing 
gewiirdigt warden, namlich 1. die von Heitz als gesetzmafiig erkannte 
Lage der Nukleolen an einer achromatischen Einschniirung sog 
SAT-Chromosomen und 2. die Spiralstruktur der Chromosomen' 
Kurzlich hat Geitler (1936) erstrnalig auch an Protisten (Clado- 
phoraceen) Spiralstruktur der Chromosomen nachgewiesen und die 
Giiltigkeit des 1. Prinzips sehr wahrscheinlich gemacht. Der Grad 
der Allgemeingiiltigkeit scheint allerdings verschieden zu sein, Denn 
wahrend kein Anlafi vorliegt, zu bezweifeln, dafi allgemein, wenn auch 
nicht ausschliefilich, der Formwechsel der Chromosomen auf wech- 
selnder Ausbildung von Spiralen beruht, gilt die Beziehung Nukleolus- 
bAT-Chromosom bei Protisten sicher nicht in alien Fallen. Hierauf 
weist Geitler hin und bemerkt, dafi die Regelung durch SAT-Chromo- 
somen als Ausdruck einer hoheren Differenzierung aufgefafit werden 
kann. Ich gehe auf die Nukleolenfrage und das Schrifttum dazu 

mcht welter ein, sondern verweise auf das Sammelreferat von 
Heitz (1935). 

Spirapau der Chromosomen (Literaturangaben findet man in 
den Arbeiten von Heitz und Geitler 1935) hat sich in einer so 
groaen Zahl von Fallen demonstrieren lassen, dah die Verallg.-^mei 
nerung berechtigt ist, am Formwechsel aller Chromosomen se"! die 
wechselnde Bildung und Auflosung von Spiralen wesentlich beteiligt. 

al3 der Nachweis einer anzunehmenden Spiralstruktur in gewissen 
Stadien (minor coils in Pro-, Meta- und Anaphase) gar nicht oder 
nur an gunstigen Objekten gelingen will, erklart sich aus der haufig 

w!iWu Grofie der Windungen, aus dem zeit- 

a 1 ^ i Vorhandensein einer das spiralisierte Chromonema ver- 
deckenden Matrix (Heitz schlagt vor, diesen etwas ungliicklichen 
^hTeS Kalymma-Hiille-zu erse“tS 

somatischPTi^r\ Fixiei ungslabihtat so zarter Strukturen. Bei 
somatischen Chromosomen konnte bisher nur eine Spirale (minor 

die Untersuchungen im polari- 

spiralig gewuxiden" docb hpviVb+af Pii^al-Chromonenia nochmals in sich 

an.e«M.ten vot 
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sierten Licht von Kuwada und Nakamura (1934) konnen mit Vor- 
behalt dahin gedeutet werden, daft wenigstens in viellen Fallen auch 
niir eine Spirale vorhanden ist. Von den am ehesten klar darstell- 
baren Spiralen der Chromosomen aus der ersten meiotischen Teilung 
hat sich dagegen in einer Reihe von Fallen (Darlington, Fujii, 
Kato u. Iwata, Kuwada u. Nakamura u.a.) zeigen lassen, dafi es 
sich um major coils handelt, die den hier fast oder ganz submikro- 
skopischen minor coils uberlagert sind. Bei alledem ist vor un- 
berechtigten Verallgemeiner ungen zu warnen, Es ist sehr wohl 
denkbar, dab in somatischen Chromosomen das Chromonema in der 
Regei nur zu minor coils, in anderen Fallen aber au6erdem noch 
zu zusatzlichen Spiralen hoherer (major coils) oder niederer Ordnung 
(minimum spiral, Darlington) aufgewunden ist. Da6 bei Droso- 
phila die Metaphasechromosomen nur etwa ein Hundertstel der 
Lange des in Speicheldriisenkernen mefibaren Chromonemas auf- 
weisen, spricht unter der Voraussetzung einer einigermafien kon- 
stanten Chromonemalange durchaus fiir eine ,, spiral within spirak'- 
Struktur. Andererseits deuten Falle, in denen somatische Chromo- 
somen dieselbe Lange aufweisen wie die Chromatiden der ersten 
meiotischen Metaphase, darauf hin, daB hier somatische wie 
meiotische Chromosomen major und minor coils oder beide nur minor 
coils besitzen.’) 

Bei den „Spiralen“ der Chromosomen handelt es sich natiirlich 
niemals um Spiralen im mathematischen Sinne, sondern um 
Schraubenlinien, die hochstens streckenweise (etwa in der Nahe des 
Spindelansatzes und an den Enden des Chromosoms), in Turhospiralen 
ubergehen. Da also keine Verwechslungsgefahr besteht, und die 
Bezeichnung sich eingebiirgert hat, behalte ich sie hier bei. Eine 
Schraube wird, abgesehen vom Windungssinn, eindeutig charakteri- 
siert durch den Radius des von ihr umhiillten Zylinders und durch 
das VerhMtnis der Lange der Schraubenlinie zur Lange des Zylinders. 

1) Einen solchen Fall fand ich bei Aranea reaumuri ScoP., worauf ich 
an anderer Stelle zuruckkommen werde. Im, Ovar gibt es zwei Typen von 
Mitosen mit auff allend verschiedener Gesamtchromosomenlange (ob beide oder 
welcher von ihnen Oogonienteilungen darstellt, kann ich nicht mit Sicherheit 
sagen; die Dicke der Metaphasechromosomen ist bei dem kurzarmigen Typ 
wesentlich groBer). Ferner stellte ich die ungefahre Gesamtchromosomenlange 
der ersten Oocytenteilung und die des Pachynemas fest. Die haploide Chromo- 
somenlange des einen Mitosetypus verhalt sich zu der des Pachynemas etwa wie 
1:6,6, die entsprechenden Proportionen fiir den anderen Typus und fiir die erste 
Oocytenteilung betragen etwa 1:9,8 und 1:9,2. Ob der Unterschied zwischen 
den letzten beiden Zahlen real ist, kann ich nicht sagen, auch weiB ich nicht, ob 
die Pachytanchromosomen gegeniiber dem Leptonema bereits verkiirzt sind. Das 
Ergebnis ist mit beiden oben erwahnten Mdglichkeiten vertraglich, scheint mir 
aber mehr dafiir zu sprechen, daB den anzunehmenden minor coils des 1. Mitose- 
typus im 2. Pall und in der Meiose noch major coils iiberlagert sind. 
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In diesem Sinne spreche ich vom Radius, der die Dicke des 
Chromosoms imd vom Verkiirzungsf aktor , der seine Lange 
bestimmt. 

Die ftir den Formwechsel eines somatischen Chromosoms 
wahrend einer mitotischen Periode wesentlichsten Veranderimgen im 
Spiralbau sind offenbar folgende (eine eingehendere Interpretation 
der Mitose gibt Darlington 1935) : wahrend der Prophase legen 
sich in jeder Chromatide') neue Windungen an, deren zunachst sehr 
kleiner Radius und deren Verkiirzungsf aktor allmahlich zunehmen. 
Das Chromosom wird also dicker und kiirzer. Wahrend der Meta- 
und Anaphase befindet sich das Chromosom im allgemeinen in einem 
stabilen Zustand. In der Telophase wird der Radius wieder groOer 
und die Windungen lockern sich auf, werden zu Relikt windungen 
(relic coils, Darlington). Diese Bewegung wird im Ruhekern, dem 
zweiten mechanisch stabilen Zustand, eingestellt. Das im Ruhekern 
hdchstens andeutungsweise verfolgbare Chromonema tritt in der 
fruhen Prophase (spiral stage) in ahnlichen Reliktwindungen auf 
wie sie der Ruhekern aus der spaten Telophase ubernommen hatte! 
Der Prozeo der Auflockerung schreitet nun weiter fort und zwar fiir 
die jetzt Oder friiher in Erscheinung tretenden Chromatiden eines 
Chromosoms gememsam. Noch vor dem volligen Verschwinden der 
Reliktspiralen beginnt ein neuer Zyklus durch Anlage der sich in 
.leder Chromatide gesondert entwickelnden neuen Spiralen. 

M + Ablauf der mitotischen Periode wird von der 

etaphase bis zur Auflosung der Eeliktspiralen in der Prophase 
durch zahlreiche Beobachtimgen verschiedener Autoren gestiitzt. Die 
rklarung der prophasischen Verkiirzung und Verdickung der 
Chromosomen durch Anlage neuer Spiralen erscheint als selbst- 
verstandhche Erganzung, da die nicht gut zu bezweifelnde Rolle des 
Chromonemas als Trager der Genkette die fruher mdgliche Vorstet 

nema T sichtbar werdende spiralisierte Chromo- 

nema werde jedesmal neugebildet, heute unhaltbar macht Die Ent 

bereits Bonnevie (1908) bei Ascaris und Allium gesehen und im 
modernen Smne gedeutet; schon aus ihren Ergebnissen ging klar 

TXptase'‘nichtT Darlington aufmerksam macht, die 

le ophase nicht als Umkehrung der Prophase bezeichnet werden darf 

“one^a 

traktirnX t T, Lange besitzt Oder merklicher Kon- 

Annahme den vLug '’“^“’’^PP^hese verdient die einfaohere erste 

vcrdoppelung kann hier uiier«rtert*Libe^ Chromosomen- 
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II. Objekt und Technik 

Die alls dem Golf von Neapel stammenden C olio zoum-Kolonien 
wiirden groBtenteils zu Karminessigpraparaten verarbeitet. Die 
Farbimg wurde entweder durch Eindunstenlassen auf dem Objekt- 
trager oder durch vorsichtiges Erwarmen unter dem Deckglas ver- 
starkt. tiberfuhrung in Kanadabalsam erfolgte nach dem von Buck 
(1935) angegebenen Verfahren iiber Eisessig-Alkohol-Xylol, Alkohol- 
Xylol. Ziir Kontrolle warden Ausstriche iiber Osmiumsaure 
gerauchert, mit Bouin-Allen nachfixiert und nach Heidenhain 
gefarbt, ferner in Bouin-Allen fixierte Kolonien geschnitten und 
teils nach Feulgen, teils nach Heidenhain gefarbt. Den Zeichnun- 
gen liegen, sofern nicht anders bemerkt, Karminessigpraparate 
zugrunde. 

III. Der Chromosomensatz 




Von der spaten Prophase bis zum Ende der Anaphase wird eine 
genauere Analyse der Chromosomen durch ihre dichte Lageriing un- 
moglich gemacht (vgl. 

BELAfe Fig. 88). Erst 
das ungemein charakteris- 
tische mittlere Telophase- 
stadium der Fig. la laBt 
eine Zahlung zu, die aber 
auch hier durch die stets 
bestehende Zusammen- 
drangung der Spindelan- 
satzpunkte und die lockere 



5 


+ 

o 


Fig. 1. a-b Telophase ; in a sind die ans der Ebene 
herausragenden Chromosomen pnnktiert ; b das 
SAT-Chromosom (im optischen Sehnitt). Vergr. 
etwa 2600 X. c Schraube mit dem Verkurzungs- I 

faktor 5,5. 



Fig. 2. ^ Die Langen der Chromosomen Fig. 3. a der Pol des in Fig. 6 vollstandig 
und die Lage ihrer Spindelansatz- gezeichneten mittleren Prophasekernes. b 
punkte nach Messungen an 6 Telo- Chromatiden mit Chromomeren, teils aus dem 
phasekernen; die horizontalen Striche Kern der Fig. 6, teils aus anderen Kernen 
bezeichnen die mittleren Abweichungen. desselben Stadiums. Vergr. etwa 2500 x. 
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Struktur der Chromosomen erschwert wird. Haufig liegen 8 freie 
Enden ungefahr in einer Ebene, wahrend 4 weitere leicht iibersehbar 
aus ihr herausragen. So erklart sich Bblars Bemerkung, es handle 
sich wahrscheinlich urn 4 biigelformige Chromosomen^b Es sind 6 
Chromosomen mit nahezu medianem Spindelansatz. 12 distale Enden 
konnen fast immer sicher ausgemacht werden; dagegen sind die 
proximalen Teile oft iinklar, doch lassen die Falle, in denen 1 Chromo- 
som etwas isoliert liegt und dann stets deutlich V-formig ist, sowie 
Prophasen, in denen die Spindelansatzregionen manchmal sehr klar 
nebeneinander liegen (Fig. 3a), an der zweiarmigen Gestalt samt- 
licher Chromosomen keinen Zweifel. Ein Chromosom ist als Niik- 
leolen- Oder SAT-Chromosom ausgebildet. 

5 Telophasekerne der zweiten Teilung, deren Spindelansatz- 
regionen fiir geniigend klar bef unden wurden, um jedeni Chromo- 
somenarm mit ausreichender Sicherheit den anderen Arm zuordnen 
ZLi konnen, wurden ausgemessen und durch Beriicksichtigimg von 
Hohendiiferenzen die wahre Lange aller Chromosomen ermittelt. Die 
Gesamtlange betragt 65 ± Iju . Obwohl die Mefigenauigkeit unter 
der unscharfen Kontur der aufgelockerten Chromosomen litt, ist der 
Fehler des Mittelwertes auffallig klein. Das verstarkt den Eindruck, 
den man bereits aus der groiSen Haufigkeit dieses Telophasestadiums 
gewinnt, dafi hier ein stabiler Zustand vorliegt. Es ist auch der einzige 
wahrend der Mitose, denn von der Prophase bis zur Telophase scheint 
die Verkiirzung und vor allem die Verdickung der Chromosomen 
kontinuierlich fortzuschreiten (vgl. Belaiis Fig. 88) — jedenfalls 
tritt keines der durchlaufenen Stadien mit einer Haufigkeit auf, die 
an die der mittleren Telophase heranreicht. Der stabile Zustand, der 
bei den meisten Organismen mit der Meta- und Anaphase zusammen- 
fallt, stellt sich hier also erst in der Telophase ein. 

Fig. 2 gibt das Ergebnis der Langenmessung an den einzelnen 
Chromosomen wieder, die in jedem der 5 Kerne nach der relativen 
Lange seriiert wurden. Es.spricht durchaus dafiir, dafi alle Chromo- 
somen verschiedene Lange und mehr oder weniger verschiedene Lage 
des Spindelansatzes aufweisen, wennschon dieser Schlufi in An- 
betracht des nicht geniigend kleinen mittleren Fehlers nicht als vollig 
gesichert gelten kann. Das deutet aber darauf hin, dafi es sich um 
einen haploiden Satz handelt. 


1) Trojan (1930) will 5 Chronaosonaen gezahlt haben. Die Behauptung 
wird durch die merkwurdigen Abb. 7-8 kauiu ausreichend belegt, deren Ver- 
dffentlichung 4 Jahre nach dem Erscheinen der — von Trojan zitierten!— 
B^LAkschen Arbeit sehwer zu verstehen ist. 
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IV. Das SAT-Chromosom 

Der Nukleolus iimschliefit stets eine achromatische Fibrille, die 
den Satelliten mit dem iibrigen Chromosom verbiiidet (Fig. 1 a-b, 
3a, 4d) ; aiif die Fibrille folgt proximal regelmafiig ein Chromomer, 
dann eine achromatische Stelle, dann wieder eine farbbare Region, 
die in den anderen Chromosomenarm iiberleitet und in der offenbar 
der Spindelansatz zii suchen ist, wie Fig. 3a und 4d zeigen, in denen 
an dieser Stelle das Chromonema scharf umknickt. Eine besondere 
Differenzierung der Spindelinsertion konnte ich nicht nachweisen. 
Der Nekleolus besteht aus einer inneren, mehr oder weniger kugel- 
formigen Substanz und einer auberen, deren Anordnung wechselt. 
Beide verhalten sich wie die Fibrille, die jene innere Schicht median 
durchsetzt, FEULGEN-negativ und sind dementsprechend auch mit 
Karminessigsaure kaum farbbar; erst bei sehr kraftiger Behand- 
lung erf olgt eine merkliche Anfarbung der aufieren Schicht. Diese 
allein farbt sich, und zwar sehr intensiv, nach Heidenhain, scheint 
also dichter zu sein (Fig. 4a) . Ob die auBere Substanz der inneren 
nur teilweise aufgelagert ist. 



Pig. 4. a 


Oder sie in sehr diinner Schicht 
auch an den anderen Stellen 
umgibt, konnte ich nicht ent- 
scheiden. 

Die Fibrille ist im Nuk- 
leolus in geniigend gefarbten 
Praparaten stets erkennbar, im 
allgemeinen auch ihr beidersei- 
tiger Anschlufi an farbbare 
Regionen des Chromonemas. 

Sie kann, sei es bereits im 
Leben (dafiir spricht Fig. 4d), 
sei es im Gefolge artifizieller 
Verlager ungen, passiv stark ge- 
dehnt oder gar zerrissen werden. 

Als artifiziell diirfte die haufig isolierte Lage des Nukleolus in der 
friihen Prophase (Fig. 5c) zu deuten sein. Mittlere Prophasen, in 
denen auch an anderen Chromosomenstellen der Langsspalt sichtbar 
wird, lassen gelegentlich zwei Fibrillen im Nukleolus erkennen, doch 
sind klare Bilder selten (Fig. 4b-c). 

In der Prophase bildet die dichtere Substanz des Nukleolus einen 
mehr oder weniger gleichmabigen Wulst um dessen inneren Teil (Fig. 
3a, 5c). Von der spaten Prophase bis zur Trennung der Tochter- 
satelliten in der mittleren Anaphase entzieht sich der Nukleolus meist 
einer genauen Untersuchung, da er durch seine Lage am SAT- 
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Frulier Prophasekern, nach 
Heidenhain gefarht. b-c Nnkleoli mit 
geteilter Fibrille aus mittleren Prophase- 
kernen (a-c im optischen Schnitt). d 
Anaphase (die langen Arme der SAT-Chro- 
mosomen punktiert). Vergr. etwa 2500x. 
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Chromosom in der Nahe des Kernpoles festgehalteii und durch die 
hier mit ihren SpindelansMzen zusammengedrangten, standig dicker 
werdenden Chromosomen leicht verdeckt wird. Schwache Farbung 
lafit am Niikleolus nichts erkennen, starke Farbimg macht die 
Cbromosomenmasse recht imdurchsichtig. Es kann also nicht Wunder 
nehmen, dab ich in einigen wenigen Fallen den Nukleolus nicht sicher 
nachweisen konnte, obwohl ich es fiir unzweifelhaft halte, dab er 
nicht aufgelost wird, sondern die Mitose im wesentlichen unverandert 
uberdauert. Dafur scheint mir die in Fig. 4d wiedergebene Anaphase 
beweisend zu sein, die schwerlich als Ausnahme betrachtet werden 
kann, da ich genau dasselbe Bild noch ein zweites Mai gefunden habe, 
f erner ein etwas spateres Stadium mit anscheinend kurz vor der 
Trennung stehenden Tochternukleolen. Offenbar wird erst die innere 
Substanz durchgeschniirt, dann die zahere aubere. Einen Hinweis 
darauf, dab dies der normale Vorgang ist, sehe ich auch in der stets 
zu beobachtenden exzentrischen Lage der auberen Nukleolensubstanz 
in der Telophase (Fig. la-b). Die Moglichkeit, dab der Nukleolus 
ganz Oder teilweise aufgelost und noch vor der Trennung der 
Tochtersatelliten neugebildet wird, kann als durchaus unwahrschein- 
lich wohl beiseite gelassen werden. 

Die Angaben von Hartmann und Hammer und von Bela^, 
wonach der Nukleolus aufgelost wird, sind vermutlich auf den 
Umstand zuriickzufiihren, dab der Nukleolus hier gerade in den 
Stadien am schwersten aufzuflnden ist, in denen er sonst aufgelost 
wird und in denen man daher auch hier zunachst eine Auflosung 
erwartet. Die Fibrille im Nukleolus wurde iibrigens schon von den 
genannten Autoren beobachtet, aber verstandlicherweise falsch 
gedeutet, da die Nukleolus-SAT-Beziehung damals noch unbekannt 
war. Die hier gefundene Persistenz der Nukleolen ist nicht der 
einzige Fall dieser Art. Geitler (1936) fand bei verschiedenen 
Cladophoraceen alle tlbergange zwischen „weitgehender Persistenz 
der Nukleolen und Neubildung in den Tochterkernen.“ 

V. Die Spiralstruktur der Chromosomen 

Die Telophasechromosomen zeigen unzweifelhaften Spiralbau, 
worauf bereits Bela^ Fig. 88g hindeutet. Die Windungen lassen 
sich allerdings nur gelegentlich und dann in der Nahe des Spindel- 
ansatzes verfolgen (Fig. la-b), in einiger Entfernung von ihnen 
bekommt man in der Regel hochstens fiir ganz kurze Strecken klare 
Bilder. Die Spiralstruktur als einzig mogliche Deutung wird freilich 
dadurch nicht in Prage gestellt. Wohl aber erhebt sich das Problem, 
ob das spiralisierte Chromonema bereits geteilt ist. Manchmal glaubt 
man, streckenweise, jedoch nie in der Nahe des Spindelansatzes, 


1937 


SAT-Chromosom und Spiralstruktur der Chromosomen usw. 


675 


Andeutungen davon zu bemerken, die aber aiich anders ausgelegt 
werden konnen. Direkte Beobachtung fiihrt in meinen Praparaten 
nicht weiter und an sich ist beides denkbar. Der Langsspalt kann 
erst in der mittleren Prophase mit Sicherheit festgestellt werden, 
wann er in Wirklichkeit auftritt, bleibe dahingestellt. 

Die Schwierigkeit, den Windungen des Chromonemas genauer 
zu folgen, erklart sich aufisr durch artiflzielle Yeranderungen schon 
durch dessen Aufbau aus Chromomeren mit dazwischengeschalteter 
Fibrille, wie wir ihn oben am SAT-Chromosom zwischen Spindel- 
ansatz und nukleolustragender Fibrille kennenlernten (die selber 
wenigstens morphologisch nichts anderes ist als ein besonders langes 
chromomerenloses Stuck des Chromonemas), und wie er natiirlich 
auch in den anderen Abschnitten anzunehmen ist. Chromosomen der 
mittleren Prophase zeigen manchmal diese Struktur des Chromo- 
nemas recht deutlich (s. unten) . Moglicherweise sind die an sich 
achromatischen interchromomeralen Fibrillen in verschiedenen 
Stadien in verschiedenem Mafie mit tarbbarer Substanz beladen, und 
auch die GroBe und Farbbarkeit der Chromomeren braucht nicht als 
konstant angenommen zu werden. SchlieBlich wird die Analyse der 
Telophasespiralen durch ihren unregelmafiigen Verlauf erschwert, der 
vielleicht auf das 
Fehlen (wenig- 
stens im fixier- 
ten Praparat) 
einer nachweis- 
baren Matrix zu- 
riickzufiihren ist. 

In der spaten 
Telophase dran- 
gen sich die Chro- 
mosomen zusam- 
men und werden 
dann schnell in 
einen verhaltnis- 
mal5ig kleinen 
Ruhekern einge- 
schlossen (Fig. 

5a~b) , Hier kann 

das Chromonema, aufier gelegentlich iiber kiirzeste Strecken, nicht 
niehr verfolgt werden, wofiir wohl nur z.T. die enge Lagerung verant- 
wortlich zu machen ist ; anscheinend sind in diesem Stadium nur noch 
die Chromomeren farbbar, so dafi der Kern ein granulares Aussehen 
annimmt. Immerhin lassen undeutlich schattenhafte Umrisse die im 






n 




b 





d 






Fig. 5. a Spate Telophase, b Ruhekern (der in der Tiefe 
liegende Nukleolus punktiert). e-d Friihe Prophase. Optische 
Querschnitte. Vergr. etwa 2600 X . 
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wesentlichen parallele Orientierung der Chromosomen erkennen, der 
sich auch die Lage des Nukleolus und der gleich zu besprechenden 
Chromozentren einfiigt. 

Eine Besonderheit der Chromosomenenden, zu denen auch der 
Satellit rechnet, miifi nachgetragen werden. In der Telophase sind 
diese starker als die iibrigen Teile gefarbt (Fig. la-b) . Das beruht 
anscheinend darauf, dafi die distalen Windungen des Chromonemas 
noch den kleineren Radius friiherer Stadien beibehalten haben. 
Dieser Zustand erhalt sich bis in den Ruhekern, in dem daher die 
Chromosomenenden als Chromozentren sichtbar bleiben. Die 
Erscheinung ist nicht ausgepragt genug, um eine sichere Zahlung zu 
erlauben imd verschwindet in spateren Stadien iiberhaupt. Da kein 
Anlal5 vorliegt, hinter dieser Erscheinung mehr zu sehen als eine 
durch die besonderen mechanischen Bedingungen der Chromosomen- 
enden verursachte Verzogerung in der telophasischen Auflockerung 
der Metaphasespiralen, darf diese „Pseudoheterochromatie“ nicht mit 
der „echten“ Heterochromatie zusammengeworfen werden, die vor 
allem von Heitz an den verschiedensten Objekten studiert wurde. 
Bauer (1936 a, b) hat gezeigt, dafi diese wenigstens bei den unter- 
siichten Dipteren (Chironomiden, Drosophila) mit einem abweichen- 
den Bail sog. Heterochromomeren zusammenhangt. Wie Muller und 
Prokofyeva (1935) bemerkten, weisen bei Drosophila die Langen- 
verhaltnisse der heterochromatischen und euchromatischen Abschnitte 
von Speicheldriisenchromosomen und normalen Chromosomen darauf 
hill, dab in diesen die heterochromatischen Abschnitte nicht (oder 
weniger) spiralisiert sind als die euchromatischen. Das konnte rein 
mechanisch durch die bedeutendere Grofie der Heterochromomeren 
bedingt sein. Von geringerer Spiralisierung der „heterochroma- 
tischen“ Abschnitte ist, wie schon der Vergleich der Satellitenlange 
in Telo- und Prophase lehrt (Fig. la-b, 3a), bei unserem Objekt 
sicher nicht die Rede und fiir das Vorhandensein besonderer Hetero- 
chromomeren habe ich kein Anzeichen finden konnen. 

In den untersuchten extrakapsularen Kbrpern folgt offenbar 
Mitose auf Mitose, und das Ruhestadium besteht nur kurze Zeit. 
Wahrend der Prophase wachst der Kern betrachtlich (vgl. Fig. 5b-d, 
6), die Farbbarkeit des Chromonemas nimmt zu, und Reliktspiralen 
werden sichtbar. Fig. 6d ist ein typisches Bild eines haufig zu 
findenden Stadiums. Bei der weiteren Auflosung der Reliktspiralen 
strecken sich die Chromosomen'^^ immer mehr und verlieren infolge- 

1) Unter _ Chromosomen sei hier, wie schon in der Telophase, der von der 
Chromonemaspirale nmschlossene Raum verstanden. Er scheint sich in nichts 
von der tibrigen Karyolymphe zu unterscheiden, gegen die offenbar keine Ab- 
grenzung besteht. E_s ist eine rein geometrische Definition, die nur in den Stadien, 
in denen erne Matrix ausgebildet wird, inateriellen Inhalt erhalt; ob das bei 
Uriserexn Objekt uberhaiit ein trifft, katin ich nicht sagen. Das alte Chromosom ver- 
schwindet mit der Auflosung der Reliktspirale, erhalten bleibt nur das Chromonema. 
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dessen die in der spaten Telophase und im Ruhekern so auffallige 
parallele Orientierung, da der beschrankte Kernraum sie zwingt, sich 
in unregelmafiiger Weise aufzuknaulen (Fig. 6). In dieser mittleren 
Prophase wird der Spalt erkennbar und die allmahliche Verkiirzung 
und Verdickung der umeinandergewundenen. Chromatiden setzt ein. 
Dieses Umeinandergewundensein (relational coiling, Darlington) 
der Chromatiden spielt in den Erorterungen iiber den Mechanismus 
des Crossing-over eine bedeutende Rolle. Da in diesen Stadien eine 
Untersuchung aller Chromosomen eines Kernes oder gar die Identi- 
fizierung bestimmter Chromosomen (selbst bei dem langen Arm des 



Figs. 6-7. 6. Mittlerer Prophasekern der 3. Teilung. Vergr. etwa 2500 x. 7. Rela- 
tional coiling aus zwei Anaphasen (die Chromosomen sind nieht in voller Ldnge 
dargestellt). Vergr. etwa 2600 x. 

SAT-Chromosoms war das kaum jemals moglich) ausgeschlossen 
schien, hatte eine nahere Analyse wenig Zweck. Rechts- und Links- 
windungen treten nebeneinander (Fig. 7) und anscheinend mit 
gleicher Haufigkeit auf : von 19 Chromatidenpaaren aus verschiedenen 
Kernen waren 10 rechts- und 9 linksgewunden. Windungsumkehr 
innerhalb eines Armes wurde nicht beobachtet. Zusammenfassend 
kann gesagt werden, dafi die Mitose, abgesehen von der abweichenden 
Lage des einen der beiden stabilen Zustande, den von hoheren 
Organismen bekannten und in der Einleitung skizzierten Verlauf 
nimmt. 

In Kernen der mittleren Prophase mit bereits erkennbarem 
Langsspalt treten manchmal auf den nebeneinanderliegenden Chroma- 
tiden (die sich oft iiberkreuzen, also anscheinend bereits hier um- 
einandergewunden sind) Strukturen auf, die, wenn klare Bilder auch 
nicht haufig sind, doch wohl unbedenklich als Chromomeren mit ver- 
bindender achromatischer Fibrille gedeutet werden durfen (Fig. 8b). 
Wichtig ist nun, dafi diese Bilder auf einen (von groberen Windungen 
abgesehen) im wesentlichen gestreckten Zustand des Chromonemas 
schliefisn lassen. Das eroffnet die Mbglichkeit, die Gesamtlange des 
Chromonemas zu ermitteln, um sie mit der Lange der Telophase- 
chromosomen und mit deren Spiralbau in Beziehung zu setzen. 
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Natiirlich kann die Lange der aufgeknaulten Chromonemata nicht 
direkt festgestellt werden, doch laBt sich in giinstigen Fallen wenig- 
stens die Lange ihrer Projektion messen. Der in Fig. 6 wieder- 
gegebene Kern erwies sich als geeignet. Mit dem AsBEschen Apparat 
WLirden samtliche Windiingen gezeichnet und mit dem Kurvenmesser 
die Lange entnommen. Der erhaltene Wert ist sicher recht genau, 
obwohl der Kern an manchen Stellen imklar ist, denn fiir die Lange 
ist es ohne Belang, wie man etwa die in einen Knoten einmtindenden 
Faden miteinander verkniipft. 

Aus der Lange der Projektion (Ip) einer Raumkiirve kann aber 
imter einer gleich zii erleuternden Voraussetzung, die ich die 
,,Voraiissetzung ungeordneter Orientierung“ nennen will, ihre wahre 
Lange I in einfachster Weise; berechnet werden. Mit jener Voraus- 
setzimg soil folgendes gef ordert werden ; von den Tangenten der 
Kiirve werde keine Richtung bevorzugt. Scharfer formuliert: die 
(rektifizierbare) Kurve werde in n Abschnitte gleicher Sehnenlange 
zerlegt. Die Sehnen werden imter Beibehaltimg ihrer Orientierimg 
so an einen Punkt angetragen, dafi sie samtlich auf dieselbe Seite 
einer durch den Punkt gehenden Ebene oder, so weit sie in die Ebene 
fallen, auf dieselbe Seite einer durch den Punkt gehenden Gerade 
dieser Ebene zu liegen kommen. Die Voraussetzung besteht dann 
darin, da6 mit zunehmender Feinheit der Unterteilung die Verteilung 
der Sehnenenden auf der von ihnen bestimmten Kugelflache gegen 
vollkommene Gleichmalhgkeit konvergiert (fiir die Rechnung muB 
dieser Satz natiirlich noch scharfer gefafit werden), Dann ergibt 
sich 

— lim S = Tcos^ cpd(p 
I « = =o ryi Jo 

dabei bedeutet q> den Winkel einer Sehne gegen die Ebene. Es ist also 

TT 

Die Forderung ungeordneter Orientierimg ist in dem Kern der 
Fig. 6 offenbar annahernd erfiillt. Fiir die Gesamtlange ergibt sich 
etwa 330 n . In einem anderen Kern ermittelte ich 415 , doch kann 

dieser Wert als nicht so sicher gelten wie der erste, da der Verlauf 
der Chromosomen hier imsicherer ist und vor allem, da es sich um 
einen augenscheinlich stark geprefiten Kern handelt, bei dem die in 
der Zeichnung vorliegende Projektion der wahren Lange wahrschein- 

lich naher kommt, der Faktor also zu grofi ist. Dennoch scheint 
mir ein realer Unterschied zu bestehen, der darin begriindet sein mag, 
daB im zweiten Kern die Chromonemata noch vollstandiger ausge- 
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gliittet sind als im ersten. Der wahre Wert, dessen genaue Ermitt- 
lung hier ohne Interesse ist, da die Telophasespiralen doch nur einen 
imgefahren Vergleich zidassen, konnte also zwischen den angegebenen 
liegen. Nehmen wir an, er betrage 360 fi . Der Vergleich mit der 
oben mitgeteilten Gesamtlange der Telophasechromosomen liefert 
einen Verkiirzungsfaktor von etwa 5,5. In Fig. Ic habe ich eine 
Schraube gezeichnet, die diesen Verkiirzungsfaktor und etwa den 
Radius der Telophasechromosomen aufweist. Es ist deutlich zu sehen, 
dal5 die Windungen der errechneten Schraube von derselben Grofien- 
ordnung sind wie die der Telophasechromosomen (Fig. la-b) , mogen 
deren Windungen auch unregelmaOig und im Einzelnen unklar sein. 
Da der mikroskopische Refund keinen Anhalt dafiir gibt, dafi . der 
spiralisierte Faden etwa seinerseits noch eine feine Spirale darstellt, 
entspricht das Ergebnis der in der Einleitung vertretenen Arbeits- 
hypothese, nach der das Chromonema seine Lange in alien Stadien 
im Wesentlichen bewahrt. 

VI. Zusammenfassung 

Von den 6 V-formigen Chromosomen ist eines das SAT-Chromo- 
som; die anderen unterscheiden sich in der Gro6e voneinander, 
anscheinend handelt es sich um den haploiden Satz. 

Der Nukleolus umgibt den als achromatische Fibrille ausgebil- 
deten Teil des Chromonemas, der den Satelliten mit de-m iib’rigen 
Chromosom verbindet. Am Nukleolus sind ein innerer Teil, der von 
der stets sichtbar bleibenden Fibrille median durchsetzt wird und 
sich nach Heidenhain nicht farbt und ein stark farbbarer aufierer 
zu unterscheiden. Der Nukleolus wird wahrend der Mitose nicht 
aufgelost. 

Die Telophasechromosomen lassen deutlichen Spiralbau erken- 
nen. In der Prophase kann die Auflockerung der Reliktspiralen ver- 
folgt werden. Die Mitose unterscheidet sich von dem bei hoheren 
Organismen bekannten Verlauf nur darin, da6 hier die Verkiirzung 
und vor allem die Verdickung der Chromosomen bis zur mittleren 
Telophase anhalt, diese erst darf als stabiler Zustand der Chromo- 
somen gelten. 

Die Chromosomenenden zeigen „Pseudoheterochromatie“, die 
offenbar auf verzogerter Auflockerung beruht und anscheinend nur 
bis in den Ruhekern hinein besteht. 

Es wird ein Verfahren angegeben, mit dessen Hilfe unter der 
„Voraussetzung ungeordneter Orientierung^ die Gesamtlange eines 
Spirems ermittelt werden kann. 

Die Gesamtlange der Telophasechromosomen wird mit der des 
offenbar weitgehend ausgeglatteten Chromonemas der mittleren Pro- 
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phase verglichen und als Verkiirzungsfaktor 5,5 festgestellt. Eine 
diesem Faktor entsprechend gezeichnete Schraube sieht der in der 
Telophase erkennbaren ahnlich. Das spricht zugunsten der Arbeits- 
hypothese, dafi das Chromonema in alien Stadien etwa dieselbe 
Lange habe. 
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Karyotypic Polymorphism in Pqtis hexuphylla Cham., with Special 

Reference to Its Origin and to the Meiotic Chromosome Behavior 

By 

Tutomu Haga 
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Hokkaido Imperial University, Sapporo 

Since its first discovery by Nawaschin (1912) in Gcdtonia 
candicam, karyotypic polymorphism has been fully identified in many 
other plants (cf. Kuhn 1928 and ONO 1935). Interestingly recent 
investigations dealing with the karyotypic aberration have furnished, 
in certain cases, karyological bases for such genetic phenomena as 
balanced lethal mechanism (Malinowski 1935), partial sterility 
(Navashin 1933), vigorousty (Medwedwa 1929) etc. On the con- 
trary in certain cases it is inferred that the polymorphism is con- 
cerned only with the genetically inert portion of the chromosome 
(Lesley and Lesley 1935) . 

The polyploids and karyotypes in Paris hexaphylla Cham.^^ were 
found by Gotoh and Stow (1930), 2) and preliminarily reported by 
the present writer (1934 a, b and 1935). Studying the same plant 
the writer confirmed the observations by the former investigators, 
revealing six karyotypes of which four are diploid (2n = 10) and 
two triploid (2n = 15). 

In this paper the writer gives a detailed description of the 
somatic complements of six karyotypes with some features of the 
meiotic chromosome behavior. 

Material and Methods 

The material used was collected at the foot of Mt. Maruyama near Sapporo 
in Spring, and preserved in pots containing soil till the middle of September 
(soil temperature 17--20°C) when the root-tips were fixed. Observations of 
somatic complements were all based on chloralisated root-tip cells, which were 
prepared as follows; Rootlets were first immersed together with rhizomes in 
1 percent chloralhydrate (18“C), rinsed in tap-water (13-14“C) for 1 hour 
respectively, allowed to remain for 2-3 hours on wet filter -paper in a large 
moistened Petri dish kept in darkness ( 19-20° C) ; then the root-tips were cut 
and fixed in La Cour 2BE. All the material was pre-treated under almost the 
same condition as shown in parentheses. After the ordinary paraffin-section 
method, they were stained with gentian-violet according to Newton’s schedule. 

1) In the previous papers (Haga 1934 a, b) the synonymous name P. 
quadrifolia L. var. obovata Regel et Til. was used. 

2) See also Gotoh (1933) and Stow (1935). 
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Meiosis in PMCs was observed in the middle of May using young flower 
buds collected directly from their natural habitat, employing Selling’s iron 
aceto-carmine method. 

All drawings were made with an Abbe camera lucida using a Leitz 1/12 
oil immersion objective and a Leitz periblan X 15 eye piece, giving a magnifica- 
tion of X1750 diameters. They were reduced for reproduction to the scale 
indicated. 

Observations 




D E 


Before going further, effect of the chloralisation must be inspected because 
the details of the somatic complements have been based on the treated materials. 
By the chloralisation the chromosomes are made short and less twisted, but 
without any conspicuous increase in chromatid diameter. The kinetic constric- 
tion becomes very pronounced and elongated, but the long akinetic constriction 
which separates the trabant from the chromosome bulk remains intact. Thus 
the influence of chloralisation differs in two functionaly and structurally dif- 
ferent constrictions (c/. Figs. 1-6 with Figs. 16-16 in Haga 1934a). Further 

the chloralisated chro- 
mosomes do not make 
a normal metaphase 
plate (c/. Haga 1935). 

The treatment af- 
fects the chromosomes 
in the manner above 
mentioned, but, as will 
be seen in Tables 1-9, 
the relative lengths of 
the component chro- 
mosomes in a comple- 
ment as well as the 
relative positions of 
the constrictions of 
given chromosomes are 
not altered. Such an 
effect is well shown, 
especially, in the com- 
parison of two comple- 
ments from one and 
the same individual 
which mai’kedly differ 
in the degree of short- 
ening (c/. Tables 7 and 
8 ). 

In view of the 
above findings the 
following observations 
will be taken to re- 
present, though in 
relative values, the 
natural situations of 
the chromosome com- 
plements. The chromo- 







Figs, 
types 

plate are alined. 1 : Type CCDD. 2 : Type C C-D D. 
3 : Type CC D D-. 4 : Type C C-D . Xl225. 


1-4. Somatic complements of the four diploid karyo- 
All the chromosomes from one complete metaphase 
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some lengths of the complements presented in Figures 1-6 are about 60-70 
percent of the lengths measured in non- treated material by the writer (Haga 
1934a). The previous chromosome designations A, B, C, D and E have also 
been adopted in the present paper. 

1. Somatic complements of the diploid forms 

1. Type C C D D. All the five pairs are contained in a homozy- 
gous condition, representing the unique type of the diploid homozy- 
gote^> (Fig. 1). 

2. Type C C~D D. One of the C-pair is deficient as to its short 
arm, deficiency amounting to an average 21.5 percent of the normal 
short arm length. Remaining four pairs are unaltered (Fig. 2) . 

3. Type CCD D~. One of the H-pair is deprived of its 
trabant, otherwise entirely normal (Fig. 3) . 

4. Type C C~D . One of the (7-pair is deficient of its short 
arm, averaging in deficiency 21.4 percent of the normal short arm 
length. The length of trabant of one of the D-pair is increased, 
showing about 29.1 percent of its whole length as the surplus length 
(Fig. 4). 

Among the four karyotypes above described the first and the 
third are the same as those found by Gotoh and Stow (1930) and 
designated by Stow (1936) as II3 and IIi respectively. The other 
two were found anew by the present study. 



A A A BBBCCCDDDE EE 



A A B B B C C C~ D D~ D~ E E E 


Figs. 5-6. Somatic complements of the two triploid karyotypes. All the chromosomes 
from one complete metaphase plate are alined. 5: Type CCCDDD. 6- Type 

CCC-DD-D-. X1226. 

1) The sign — indicates length deficit and -f surplus. Previously 13- 
chromosome has been designated with cIt and 23--chromosome with do (Haga 
1934 a, b), 

2) The terms homo- and heterozygote were used as to the condition of 
morphological characters of the pair of chromosomes. 
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2. Somatic complement of the triploid forms 

1. Type C C C D D D. In every chromosome type all three 
homologues are (juite identical with one another in their morphology , 
apart from the number of homologues there is seen no difference 
between this and diploid C C D D type (Fig. 5). 

2. Type C C C~D D~D~. One of the three C-chromosomes is 
deficient as to its short arm, the deficiency being 21.4 percent of the 
normal length of the short arm. Furthermore, two of the three D~ 
chromosomes are deprived of their trabants (Fig. 6). 

The first type is identical with Gotoh and Stow’s Ills , and the 
second one is also, probably, the same as their IIIi because the 
material was collected from the same habitat in the botanical garden 
of our university, where they grew under wild conditions, but they 
overlooked the deficient C-chromosome. One triploid form found by 
the previous investigators (Ilia) which comprises two D- and one 
/)- -chromosomes instead of three D’s was missed by the present 
writer. 

3, Comparison of the karyotypes 

In order to clear up more fully the details of the chromosome complements 
of the six karyotypes, the writer made precise measurements. To make the 
technical errors as slight as possible, no special measuring technic was applied, 
selecting the complete metaphase plate in a single cell revealing the actual 
lengths, at least, of all the chromosomes composing a haploid set, namely only 
when they are lying horizontally along their whole lengths. In a majority jf 
cases almost all the components of a complement were measured. The differences 
in length as well as form percent between the pair were too small to be con- 
sidered significant, so that only the mean values were tabulated in Tables 1-8, 
excluding C~-, D~-, and I>»^-chromosome. Degrees of shortening by the chloralisa- 
tion were shown with lengths in percent of the lengths in non-treated comple- 
ment (Table 1), which was indicated by S%. 


Tables 1-8.^) Mean values of the measurements on unaltered 
chromosomes in a single complement of eight karyotypes 

1.'^ C C D D 


Chromosome 

Actual length in ». 

L% 


s% 

A 

16.8 + 16.5 = 33.3 

26.9 

49.6 

100.0 

B 

15.8 + 10.3 == 26.1 

21.1 

39.6 

100.0 

C 

17.1 + 5.6 = 22.7 

18.4 

24.7 

100.0 

D 

18.8 + 1.1 + 2.3 = 22.2 

17.9 

f 5.0 
UO.4 

100.0 

E 

11.1 + 8-3 19.4 

15.7 

42.8 

100.0 

Sum 

123.7 

100.0 

Mean 

100.0 


1) Position of constriction is’ indicated by the mark 4-, and the sum 
is the whole length of the chromosome. L% and F% indicate length and form 
percent respectively, the former representing the whole length of a chromosome 
in percent of total sum of chromosome lengths in a haploid set and the latter 
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2, C C D D 


Actual length in |j. j L% ^ F% , 8% 


Chromosome 


A 

11.7 4- 11.7 = 23.4 

27.4 

50.0 

70.3 

B 

10.2 4 - 6.9 = 17.1 

20.0 

40.4 

65.6 

C 

12.0 4- 4.6 = 16.6 

19.5 

27.7 

73.1 

D 

12.6 -h 1.0+ 2.0 = 16.6 

1 18.3 

/ 6.4 
\12.8 

70.3 

E 

7.6 + 5.0 = 12.6 

14.8 

39.7 

1 

64.9 

Sum 

85.3 

i 

100.0 

Mean j 

68.8 


Chromosome 


Actual length in u. L% F% S% 


Chromosome 


Actual length in [j. L% | F% , S% 


Chromosome 


Actual length in p- 


A 


14.9 

+ 

14.3 

= 29.2 

27.7 

49.0 

87.6 

B 


12.6 

+ 

9.0 

= 21.6 

20.6 

41.7 

82.8 

C 


16.1 

+ 

6.1 

= 20.2 

19.4 

,25.2 

89.0 

D 


14.3 + 

1.1 + 2.3 

= 17.7 

16.8 

/ 6.2 
U3.0 

79.7 

E 


9.4 


6.9 

- 16.6 

15.7 

41.6 

85.6 


Sum 

106.3 

100.1 

Mean 

84.9 


the short arm length in percent of the whole length of a chromosome. The upper 
one of the two form percents of P-chromosome represents that of the short arm 
and the lower that of the trabant. 

_ 2) Non-treated complement and the same one given in Table 4 of the 
previous paper (Haga 1934 a). Chromosome lengths in this complement were 
used as the standard lengths for the calculation of S%’s. 

3), 4) and 5) In these three complements the long arms of P’s are 
slightly shorter than those of C’s. But these mean nothing else than the ex- 
pectable variations in the contraction grades between two independent chromo- 
somes for the normal relations between C- and P-chromosome were ascertained 
repeatedly in the same individuals. The complements in Tables 7 and 8 are 
taken from the same individual. 


A 

13.7 + 13.6 = 27.3 

B 

11.6 + 8.6 = 20.2 

C 

12.9 + 4.9 = 17.8 

D 

13.7 + 1.0+1.9 = 16.6 

E 

8.6 + 6.3 - 14.9 

Sum 

96.8 

C C D D- 



A 12.0 + 11.4 

B 10.9 4- 7.4 

C 11.6 + 4.6 

P 12.6 -H 1.0 -I- 2.0 

E 7.4 -f 5.1 

Sum 
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6. C C C D D D 


Chromosome 

Actual length in [j- 

L% 

F% 

s% 

A 

14,0 + 13.7 = 27.7 

27.5 

49.5 

83.2 

B 

12.0 + 8.9 = 20.9 

20.8 

42.6 

80.1 

C 

13.7 + 6.1 - 18.8 

18.7 

27.1 

82.8 

D 

14.9 + 1.0 + 2.0 ■-= 17.9 

17.8 

/ 6.6 
\11.2 

80.6 

E 

9.2 + 6.1 = 15.3 

16.2 

39.9 

78.9 

Sum 

100.6 

100.0 

Mean 

81.1 

7.^) C C C-D D-D- I 




Chromosome 

Actual length in [J. 

L% 

F% 

s% 

A 

10.9 + 10.6 = 21.6 

28.1 

49.3 

64.6 

B 

9.1 + 6.9 = 16.0 

20.9 

43.1 

61.3 

G 

11-1 + 3.9 = 16.0 

19.6 

26.0 

66.1 

D 

10,6 + 0.7 + 1.4 = 12.7 

16.6 

/ 6.6 
\11.0 

57.2 

E 

6.3 + 6.1 = 11.4 

14.9 

44.7 

68.8 

Sum 

76.6 

100.1 

Mean 

61.6 


8.'’^ C C C-D D-D- II 


Chromosome 

Actual length in [j- j 

L% 

F% 

s% 

A 

8.6 

+ 

8.2 = 

16.7 

28.9 

49.1 

60.2 

B 

6.8 

+ 

6.0 = 

11.8 

20.4 

42.4 

45.2 

C 

8.0 

+ 

3.3 = 

11.3 

19.6 

29.2 

49.8 

D 

7.7 + 0.7 4 

-1.4 = 

9.8 

17.0 

/ 7,1 
\14.3 

44.1 

E 

4.8 

+ 

3.4 = 

8 2 

14.2 

41.6 

42.3 

Sum 




67.8 

100.1 

Mean 

46.3 


As a matter of fact, the chromosome is not an absolute thing but a relative 
one, so that though the relative values are highly stable, they also vary within 
a small range. Here it is important to note that the writer has found in the 
statistical data on one and the same individual of Trillium kamtschaticum that 
the absolute lengths and the form percents of a given chromosome type vary 
far more than the extent found between the same chromosome types of the 
different karyotypes of this plant (c/. Haga 1934 a). Moreover it must be 
emphasized that the shorter the chromosome or the chromosome part relatively 
the greater is the observational and measuring error. The variation ranges of 
absolute lengths in different karyotypes, which are inspectable most simply with 
S%, do not extend over the range found between two different complements in 
the same individual (c/. Table 7 and 8). 

Thus, if one makes a careful comparison between the results in 
Tables 1-9, he will be convinced that all the unaltered chromosomes 
included in six karyotypes are identical and remain unaffected by 
the genotypic change which may necessarily be caused by the struc- 
tural hybridity. Averaging up the data in Tables 1-8, mean values 
of the normal haploid set were obtained, which are presented in Table 
9 and diagrammatically in Figure 7. 
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Table 9. Averaging the results in Tables 1-8 


Chromosome 

Actual length in [j. ct 

L% C7 

F% 0 

A 

12.8 4- 12.5 = 25.3 ±4.8081 

27.6 ±0.6072 

49.4 ±0.4016 

B 

11.1 ± 7.9 = 19.0 ±3.9860 

20.7 ±0.3921 

41.6 ±1.2344 

C 

12.7 -h 4.7 = 17.4 ±3.2280 

19.0 ±0.6087 ! 

27.0 ±1.4866 

D 

13.2±1.0±1.9 = 16.1 ±3.4467 

17.6 ±0.6354 

/ 6.2 ±0.6113 
\11.8 ±1.2654 

E 

8.1 ± 5.7 = 13.8 ±3.2187 

16.1 ±0.6012 

41.3 ±1.5696 

Sum 

91.6 ±18.5546 

100.0 



Now we are for a comparison of the structural changes which 
are found in different karyotypes. The following data were based 
on the comparison of a pair of normal and changed chromosome that 
were measured together in one and the same metaphase plate where 
the two were lying in a horizontal plane along their whole lengths. 
The measurements were carried out on about ten pairs in each case, 
resulting as in Tables 10 and 11. With regard to the long arm there 
was no length difference between altered and unaltered chromosomes, 
notwithstanding the chromosome type concerned. So- no special men- 
tion will be made in this respect. 


Table 10. Comparison of C--ch.romosomes in three karyotypes 


Karyotype 

Deficiency a 

F% a 

C C~D D 

21.5 ± 1.1510 

23.1 ± 0.1000 

C C~D 

21.4 ± 1.6732 

22.8 ± 1.0000 

C C C~D D-D- 

21.4 ± 2.1954 

22.8 ± 1.0165 

Mean 

21.4 ± 1.8263 

22.9 ± 0.3006 


In Table 10 the deficit length of the short arm of the (7“-chromo- 
some was represented in percent of the normal short arm length. 
Deficiency and form percent of the C'-chromosomes which were found 
in three karyotypes C D, C C~D D+ and C C C~D D~D~ were 
almost in agreement with one another (Table 10) . This suggests 
significantly the common origin of the (^“-chromosomes which is com- 
prised, at present, in three different karyotypes. 


The measurements 
showed 29.1 percent 
{6 = ± 2.1221) of the 
whole length of the 
trabant of D+ -chromo- 
some to be the surplus 
length. A comparison 
of the length percents 


Table 11. Comparison of changed parts of the alter- 
ed chromosomes with one another and with the corre- 
sponding parts of normal ones 


L% of 

Mean 

a 

Normal short arm of C 

5.1 

± 0.3518 

Length of trabant of D 

2.1 

± 0.2031 

Deficit length of short arm of C- 

1.1 

± 0.0294 

Surplus length of trabant of D+ 

0.9 

± 0.0290 
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of the deficit length of C~-chromosome and the surplus one of the 
-chromosome revealed the interesting fact that the two values are 
almost agree with one another (Table 11) . Thus it seems, though it 
may be somewhat premature to state it, that translocation of a small 
segment from the short arm of C-chromosome to the distal end of the 

trabant of D-chromosome may be 
the origin of C-- and -chromo- 
some. Of course other interpreta- 
tions are not impossible, however, 
the above mentioned seems the 
most favorable for the circum- 
stances found. 

The fact that the long arm 
lengths of D- and D~-chromosome 
are equal and the close comparison 
of the results in Tables 1-11 in- 
dicates that Z) ■“-chromosome has 
been derived, very probably, from 
simple deletion of the entire part 
of the trabant of the D-chromo- 
some. 

Prom the above results three 
altered chromosomes C~ £)■*• and 
D~ were represented diagram- 
matically in Figure 7, contrasting 
to the unaltered original ones. 


15 —^ 


O-J 



D D- 


Fig. 7. Diagrammatic representation of 
the results in Tables, 9, 10 and 11. 


4* Meiosis in diploids 

Behavior during the prophase was not studied, but through all 
four karyotypes the meiosis occurs normally except for a somewhat 
frequent occurrence of non-pairing of one or two pairs, fragmenta- 
tion and bridge-formation at metaphase and anaphase. 

Metephase pairing was regular, showing 6 bivalents paired at 
the region of kinetochore and rarely with additional interstitial 
chiasma (Figs. 8-9). Pairing of the heteromorphic pairs in hetero- 
zygous forms IS not interrupted by the structural dissimilarities 
■ Heteromorphic constitution was very clear 

m the D-D bivalent with the repulsion between the heteromorphic 
short arms in the plane of reduction (Fig. 8), but it was indiscernible 

partners ^ for the minute differences between the 

Meiotic proce.s.ses from first to second anaphase and pollen forma- 
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Figs. 8-12. Meiotic first divisions in PMCs . 8 : Heteromorphic D-T)- bivalents at 
first metaphases. Large satellited short arm is seen at the upper left and non-satel- 
lited short arm as a small head at the upper right in all three photos. Chiasma in 
the uppermost is interstitial, in the middle almost terminal and in the lowest is not 
formed or has slipped off till the metaphase. xl463. (Prof. H. Matsuura p/ioto). 
9-12 : Subscript numerals under the D-type chromosomes indicate number of trabants. 
1 and 2 representing the presence of one and two tranbants respectively and o the 
absence of any. 9; Metaphase in type CCDD, showing vl-bivalent two chiasmata 
at both sides near the kinetochore, and D-bivalent one interstitial chiasma. 10 ; 
Anaphase in type CCDD. 11-12: Anaphases in type C C segregating D-Z?- 
bivalent equationally as to its short arm in Fig. 11, and reductionally in Fig. 12.x 870. 


tion are also regular (Figs. 10-15). With D-D- bivalent it was 
ascertained that the heteromorphic pair segregates reductionally as 
well as equationally at first anaphase, at least, as tO' its short arms 
(Figs. 11-12) . If it segregates reductionally at first anaphase, then 
equationally at the second one, and vice versa (Figs. 14-15) . The 
ratio reductional to equational segregation in 263 PMCs was 1.0: 
5.3, diverging from the ratios hitherto known with a moderate pre- 
ponderance of the equational one (cf. Huskins and Spier 1934 and 
Mather 1935). 
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5. Meiosis in triploids 

Details before metaphase were not studied. In general meiosis 
proceeds as in many other autotriploid plants, showing nO' difference 

between the two 
karyotypes. Irregu- 
larities as those 

13 . ^ observed in diploids 

occur more frequ- 
ently in triploids. 

D E A B c D E At metaphase 

0-5 trivalents are 
seen, with a forma- 
tion of 5 trivalents 

14 ’ . prevailing (Fig. 

16).^) The mode 
of pairing is the 

^ ® same as in diploids 

except the number 
of homologues (Fig. 
16). The hetero- 

15 morphic constitu- 
tion of the D-D~-D~ 
trivalent was also 
clear with the re- 
pulsion between the 
heteromorphic short 
arms in the planes 
of reduction (Fig. 
16). At first ana- 
phase three homo- 
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Figs. 13-15. Alinements of raeiotic second anaphase chro- 
mosomes in two diploid karyotypes, being two divisions 
in a PMC shown separately at both sides of the Figure 
number. Daughter halves are faced up and doyfb. Nume- 
rals beside the jD-type chromosome indicate the presence 
{!) or absence (o) of a trabant. 13 : Type C CD D. 14-15 ; 

Type C C D D~, showing in Figure 14 an equational segre- 
gation of the short arm of D-type chromosomes, and in 
Figure 16 reductional segregation of them. x870. 

log-ues paired in a 

trivalent separate from one another and migrate tO' the poles (Figs. 
17-19). 

To make clear the mode of anaphase segregation 256 anaphase 
PMCs of the triploid form C C C~D D~D~ were studied, selecting 
only those which were believed to have been derived from the meta- 
phases formed of 5 trivalents 


1) For details confer Haga (1937). 

2) In this plant meiotic chromosomes are easily identifiable as in somatic 
complement (c/. Figs. 1-22). Thanks to this quality the metaphase pairing 
was able to deduce with reliable certainty, from a given disposition of the 
anaphase chromosomes (c/. Figs. 10-12 and 17-19). 
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Figs. 16-19. Meiotic first divisions in PMCs of the triploid form C C C-D D-D~. 
16 : Metaphase showing three trivalents. 17-19 : Anaphases, being the chromosome 
assortments 6-10, 6-9 and 7-8 respectively. For the details compare the photos with 
the outline figures given below each photo. (Prof. H. Matsuura Photo.) x747. 
Outline figures : Subscript numerals under D-type chromosomes indicate the number 
of trabants, 1 and 2 representing the presence of one and two trabants respectively 
and 0 the absence of any. Arrows indicate the position of trabants. 
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Table 12. Assortment of chromosomes in 266 meiotic first anaphase 
PMCs of the triploid form C C C-D D~D- 


Chromosome assortment 


Frequency (PMCs) 

18 

81 


zbb 

Ratio observed 

1.1250 

5.0625 

9.8125 

16.0000 

Ratio expected 

1.0000 

6.0000 

10.0000 

16.0000 

Deviation 

+ 0.1250 

+ 0.0625 

-0.1876 

0.0000 

P.E. 

±0.1633 

±0.3126 

±0.3266 

- 

Table 13.') Classification of the chromosome assortments given in 

Table 12 as to their chromosome combinations 

Assortment 6-10. 


A B C U E ABODE I PMCs Ratio obs. Ratio exp. Deviation 


(l + l + l + l + l) (2+2+2+2+2) 

18 

1.1260 

1.0000 

+ 0.1260 

Sum 1 

Assortment 6-9. 

18 

1.1260 

1.0000 j 

+ 0.1260 



ABODE ABODE 

PMCs 

Ratio obs. 

Ratio exp. 

Deviation 

(24T + 1 + 1 + 1) (1+ 2+2+2+ 2) 

14 

0.8760 

1.0000 

-0.1250 


(l + 2+i+l + ] )' (2 +1 + 2+2+ 2) 

15 

0.9375 

1.0000 

-0.0626 


(1 + 1+2+1 + 1) (2+2+1 + 2+2) 

16 

0.9376 

1.0000 

-0.0626 


(1+1 + 1 +2 fl) -(2+2+2+1+2) 

20 

1.2600 

1.0000 

+ 0.2500 


(1+1+1 + 1+2) (2+2+2+2+1) 

17 

1.0625 

1.0000 

4-0.0626 


Sum 

81 

5.0625 

6,0000 

+ 0.0626 



Assortment 7-8. 


ABODE ABODE 1 PMCs Ratio obs. | Ratio exp. ] Deviation 


(2-(-2+l'-["l+l) ■(1+1+2+24-2) 

(2 + 1+24-1+1) (14-2+1+2+2) 

( 2 + 1 + 1 + 2 + 1 ) ( 1 + 2 + 2 + 1 + 2 ) 

(2+1 +1 + 1 + 2) (i-f2+2+2+l) 

( 1 + 2 + 2+1 + 1 ) ( 2 + 1 + 1 + 2 + 2 ) 

(1 + 2+1 + 2 + 1 ) ( 2 + 1 + 2 + 1 + 2 ) 

( 1 + 2 + 1 + 1 + 2 ) ( 2 + 1 + 2 + 2 + 1 ) 

( 1+1 + 2 + 2 + 1 ) ( 2 + 2+1 + 1 + 2 ) 

(1 + 1 +2+1 4" 2) (24’2+1+2+ 1) 

(I +1+1 + 2+2) — —(2+ 2 + 2+1+1) 


-0.3126 
-0.0626 
-0.0626 
+ 0.0625 
+0.3750 
- 0.C625 
+0.1876 
-0.3126 
-0.1876 
+0.1875 


10.0000 


Merely as to the chromosome number three types of assortment 
will be expected from the 5 trivalents metaphases, namely 5-10 

1) Two anaphase groups in.a PMC are shown with the two formulas 
in parentheses combined with — . The probable error for each case is the same, 
being ±0.16327. The total sum of the deviations is 0.0000. 
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(Fig. 17), 6-9 (Fig. 18) and 7-8 (Fig. 19) and their ratio of 
occurrence must be 1:5:10. This expectation was proved indis- 
putably in the observation (Table 12). To inspect more closely the 
mode of assortment, every one was classified regarding at the same 
time the number and combination of chromosomes. Thus the 
numerical assortment 5-10, 6-9 and 7-8 will be subdivided into 1, 5 
and 10 cases respectively as to the combination of chromosomes. And 
every combination is expected to happen with equal chance. This 
was also perfectly substantiated (Table 13) . Consequently of the 
pollen grains resulting from 5 trivalents metaphase 3.1 percent will 
be normal haploid with one complete genom and the same percent 
diploid with two complete genoms, all other grains containing a 
complete genom and 1-4 extra chromosomes. 

A B C C D E A ABBCDD EE 

I f f 

VuVlvv 

ABODES A A B B C C D D E 

A A B B C D E A BCCDDE E 

Figs. 20-22. Alinements of meiotic second anaphase chromosomes in two triploid 
karyotypes, being the two divisions in a PMC shown separately at both sides of the 
Figure number. Daughter halves are faced up and down. Numerals beside the ZD- 
type chromosomes indicate the presence (/) or absence (o) of a trabant. 20: Type 
CCCDDD, being the chromosome assortment 6-9. 21-22: Type CCC-DD-D-, 
being the chromosome assortment 6-9 and 7-8 respectively. Segregation of the short 
arm of D-type chromosomes is equational in Fig. 21 and reductional in Fig. 22. x 870, 

Heteromorphic trivalent D-D^~D- segregates at first anaphase, 
as in bivalent D~D-, reductionally as well as equationally (Figs. 17- 
19). Their second anaphase segregation is reductional or equational 
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according to the previous one (Figs. 20-22). The ratio of reduc- 
tional to equational segregations is not determined, however it was 
apparent that equational segregation is prevailing as in bivalent 
D-D-. 

Discussion 

1. Origin of the karyotypes. The homozygous diploid form was 
represented only hj C C D D type which spread most abundantly in 
the natural population, so that it seems highly pertinent to consider 
this type to be the prototype of the other ones. Remaining hetero- 
zygous diploids are considered to have been derived from the mating 
of a normal with an exceptional gamete containing a simple transloca- 
tion or simple deletion, or between the latter ones. 

Through all karyotypes found there were no structural changes 
in chromosomes A, B and E. C~-chromosomes observed in two 
diploids C C~D D, C C-D and in one triploid karyotype 
C C C~D D~D~ have showed the same deficiency of short arm length, 
strongly suggesting a common origin for them. jD~-chromosome 
is obviously the result of simple deletion of the trabant of Z)-chromo- 
some. The surplus length of the trabant of a -chromosome is 
almost equal to the deficit length of the short arm of a C~-chromosome. 
From these facts one may safely conclude that the simple transloca- 
tion of a small segment from the short arm of C to the distal end 
of the trabant of a D-chromosome to be the very cause of origin of 
C- and D + -chromosome. However the expected multivalent associa- 
tion C~~C-D*-D such as has been demonstrated in the case of Rumex 
(Yamamoto 1935) was not met with at the meiosis of a heterozygous 
diploid C C~D Z)+. But, it seems highly improbable that this is 
decisive disproof for the above interpretation because such a circum- 
stance is of the most expectable in considering only about 1 micron 
of the somatic length of the translocated segment. A similar case 
of frequent non-pairing between the homologous parts was demon- 
strated experimentally in the translocation from A- to C-chromosome 
of Crepis capillaris (Petrov 1935) . 

As to the origin of the structural change of the chromosomes 
environmental factors must be responsible for it, among them the 
influence of temperature may be the most common and effective in 
nature. Recent experiments with X-radiation (Lewitsky et aZ. 1934, 
Catcheside 1935, and Matsuura and Haga 1937), several chemicals 
(Lewitsky and Araratian 1931), aging (Gerassimova 1935), etc., 
have provided many instances for such chromosome alterations. 
Interestingly it has been confirmed that experimental effects exerted 
upon various stages of development, e.g., upon seeds, young shoots, 
PMCs or pollen grains, are equally effectual in the formation of 
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karyotypic aberration. So when and where the aberrant karyotypes 
of this plant have originated is undeduciable, especially in the habit 
of this plant with a perenial rhizome which bears flower buds for the 
next Spring- already in the previous Autumn and with very poorly 
germinating seeds. The only sign is seen in the somewhat high 
frequency of abnormal meiosis showing fragmentation and chromatid 
bridge, which indicate essentially the possibility of the occurrence 
of deletion and translocation (cf. Matsuura and Haga 1937) . 

Triploids are explained, as in many other autotriploids, as the 
results of fusion between a haploid and a diploid gamete. The karyo- 
type found in triploids may also be explicable as in diploids, but with 
some complexity. 

Formation of diploid gamete in diploids probably has been caused 
by environmental influences, especially by temperature as in the ex- 
perimental cases in Liriope and Scilla (Shimotomai 1927), in 
Lychnis (Takagi 1928), etc., but not excluding the possibilities by 
polyploidal chimera (Tahara 1933), by the action of certain genes 
(Bergner et al. 1934 and Satina and Blakeslee 1935) or by phyto- 
pathological infection (Kostoff 1933), etc. 

Though it is a secondary process, the production of gametes con- 
taining two complete genoms by an autotriploid, which has been 
definitely shown in the present study, must be added here. Such a 
function of autotriploids may have an important role in the evolution 
of alio- as well as autopolyploidy as proved partially in some cases, 
e.g., in Crepis (Navashin 1931), in Rumex (Ono 1935), etc. 

Homozygous plants with regard to C~-, and Z) --chromosome 
are not found by Gotoh and Stow nor by the writer as yet. What 
is the reason for this? One may expect the governing of the lethal 
mechanism as in Galtonia (Nawaschin 1927) , Matthiola (Philp and 
Huskins 1931), Petunia (Malinowski 1935), etc. The writer wishes 
fully to deal with these problems upon a later occasion. 

2. Plant-geographical. Recent works by Hagerup (1932 and 
1933) and Matsuura (1935) have revealed several instances in 
which polyploids enter into a new territory on account of change in 
their biological properties, resulting in a distributional differentiation 
between polyploids and the original form. For example in Fritillaria 
camchatcensis the diploid form was restricted to the alpine region, 
whereas the triploid grows only in low lands (Matsuura 1935). 

The case in Paris hexaphylla was in striking contrast to the above 
instances, diploid and triploid populations growing in contact with 
one another in their natural haunt. Such also occurred within the 
karyotypes of diploids and of triploids (Fig. 23). Diploid C C-D D 
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and triploid C C C-D D~D- were found a little apart in the area 
covered by the map shown in Text-figure 23. This offers further 
evidence for the above interpretation on the origin of karyotypes. 



Fig. 2.3 A contour-line map along the little stream running at the foot of Mt. Maru- 
yama near Sapporo, showing the occurrence of the four different karyotypes in their 
natural haunt, o: Type CCDD. o: Type CC-DD+. Type CCDD-. ; 

Type CCCDDD. 

Such a condition will be interpreted with most certainty to the 
effect that polyploidal as well as karyotypic alteration found in this 
plant has insufficient effect in the change of biological properties to 
cause a distributional or ecological differentiation. 

3, Meiotic segregation of the heteromorphic chromosome pair. 

On account of their significance for an interpretation of meiosis in 
relation to some genetic phenomena, the behavior of heteromorphic 
chromosome pairs has been studied by several investigators, but 
resulting in very diverse conclusions with different materials (c/. 
Huskins and Spier 1934, and Mather 1935) . In Triticum vulgare 
Huskins and Spier made an interpretation for the mechanism of 
equational and reductional segregation of the heteromorphic bivalents 
in relation to chiasmatype theory. Also Mather had made a 
theoretical consideration on this problem, advancing the 2 :1 ratio of 
equational to reductional segregation as an “equilibrium proportion” 
on the basis of the same theory. 

In the present material heteromorphic D-D~ bivalents segregated 
with a ratio of 1.0 reductional to 5.3 equational as to its heteromorphic 
short arms. This ratio is not expectable directly from Mather’s 
formula. According to him such a proportion “will depend on the 
mean and variance of the chiasma frequency distribution” on the 
short arm. However, in such a bivalent which retained paired at 
metaphase very probably at the kinetochore as in Trillium kamtschati- 
cum, the behavior of the kinetochore must be taken in consideration 
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when analysing the problem (c/. Matsuura 1937). The writer hopes 
to leave the final conclusion to the time when other statlsticfal data 
are available, 

4. Segregation of trivalents. There are advanced many hypo- 
theses of the karyokinetic mechanism (c/. Bleier 1931 and Roller 
1934). Among them, though some parts are objectionable, Bleier’s 
hypothesis seems to be the most elaborated one, interpreting many 
special modes of karyokinesis with consistent principles carried out 
by the cooperation of autonomous movement of chromosomes, re- 
pulsion between split halves or components of a paired chromosomes, 
spindle bipolarity and the division of spindle substance. 

According to Bleier, at metaphase three kinetochores of a triva- 
lent mutually repulse each other potentially if they are not separated 
until the anaphase and visibly if they separated already before the 
metaphase, in the latter case the pairing being retained only by 
chiasmata (Fig. 24) . The former case is represented by the present 
material and the latter is known in many other plants. At metaphase 
trivalents are subjected to the influence of spindle bipolarity, form- 
ing a metaphase plate. In equatorial 
plane, Bleier’s "Gleichgewichtszone”, three 
kinetochores of a trivalent must be dis- 
posed in principle, to attain a metaphase- 
anaphase equilibrium as shown in Text- 
figure 24 by the cooperation of repulsion 
between the three kinetochores and the 
bipolarity of spindle. Although it is a 
special case one may indisputably prove 
such a disposition in a tripartite sex chro- 
mosome such as in Rumex (cf. Ono 1935 
and Yamamoto 1935). 

At anaphase the kinetochores separate 

if unseparated before that time, and p 

chromatids within a chromosome repulse ^ 

one another, if they are formed, cancelling ^ 

all chiasmata. After this stage the chro- 24. A diagrammatic re- 

mosomes will behave as those derived from of the meta.- 

,, i,- 1 i, T • j. 1 phase equilibrium of a tri- 

tne bivalents, kinetochore a and h going valent, indicating P poles, a, 

pole Pi and c to P> (Fig. 20). Thus the ^ kinetochores which 

anaphase segregation of a trivalent is 
regular determined by the metaphase dis- 
position of the three kinetochores, in other words, it is not determined 
by the so-called random distribution of the extra member. 
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However it is evident that the metaphase disposition of three 
kinetochores is determined by chance, i.e. the position of c in Text- 
figure 24 may be occupied also by a or & in equal chance with c. And 
it is independent between the trivalents. So self-evidently only 
gametes with n-2n chromosomes comprising at least a complete hap- 
loid set must result from metaphases with the trivalents correspond- 
ing to the basic chromosome number n. The present study has offered 
conclusive evidence for this. 

Summary 

1) Six karyotypes were distinguished in Paris hexaphylla 
Cham, which has a basic chromosome number 5 consisting of mor- 
phologically distinguishable chromosomes A, B, C, D and E. Four 
of them were diploid and two^ triploid : 

Diploids (2n = 10) 

Karyotype 1 C C D D 

„ 2 C C~D D 

„ 3 C C D D~ 

„ 4 C C-D 

Karyotypic aberration concerns only chromosomes C and D. 
C~- and !)•'■ -chromosome were suggested as having resulted from 
simple translocation from C short arm to trabant of D. D~-chromo- 
some was interpreted as originated from a simple deletion of the whole 
trabant of D. Except the homozygous diploid C C D D and the 
triploid C C C D D D all other karyotypes were heterozygous as to 
C~ or D-type chromosome or both of them. 

2) There was no distributional or ecological difference between 
diploids and triploids and between the karyotypes, showing that poly- 
ploidy and the karyotypic changes found in this plant are not suffi- 
ciently effectual to cause a biological differentiation. 

3) The heteromorphic constitutions of D-D~ bivalents and 
D-D~-D'~ trivalents were easily discerned at meiosis in PMCs. Hetero- 
morphic short arm segregates equationally as well as reductionally at 
first anaphase. The ratio of reductional to equational segregation 
was 1.0 : 5.3 in C C D~D diploid. 

4) Metaphase-anaphase behavior of the trivalents was discussed 
on the basis of observations on anaphase segregation of 5 trivalents 
metaphases. Anaphase behavior of the trivalent is a regular one for 
itself, segregating 1 to 2 chromosomes. Thus from 5 trivalents meta- 
phases only the gametes with 5-10 chromosomes comprising at least 
a complete haploid set must result. This was really verified in the 
present study. 


Triploids (2n = 16) 

Karyotype I C C C D D D 

„ 2 C C C-D D-D- 
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‘ It is the writer’s pleasure to express his sincere thanks to 
Professor H. Matsuura under whose valuable suggestions and en- 
couragement the present work was carried out. 
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Experimental Researches on the Non-Newtonian Nature 
of Protoplasm 
By 

H. Pfeiffer, Bremen 

“The ideal college should have three floors— a 
ground floor for molecular physics, a first floor for 
biophysics, and a top floor for cell mechanics.” 

(W, B. Hardy,) 

Introduction 

It is a very great 'pleasure to join in the congratulation of 
Professor Kenjiro Fujii’s seventieth birthday, and to pay tribute 
to this great cytologist who has done so much to advance this science 
by his own researches as well as by creation of this international 
journal for all the problems of Cytologies and Genetics in their 
widest sense. I count myself among those who have been started by 
his stimulations, and consider it an honour to belong to the standing 
collaborators of his journal “Cytologia^’. For these reasons, it is 
to be expected that I contribute a little paper fro'm Cytophysics among 
the festive publications. So I should like to continue another paper 
on the subject which I have spoken on during the 6th international 
botanic congress at Amsterdam^). At that time I have already tried 
to show the elasticity of protoplasm, but the subject matter of the 
following paper exceeds the statements given there, and adds a new 
method of demonstrating the elastic behaviour of protoplasm. 

I. The anomalous flow of protoplasm 

As is well known a surface tension film can behave like an 
elastic membrane. Moreover, even in mass, solutions which we 
ordinarily regard as fluid may have elastic properties in spite of the 
fact that it flows fairly easily. An usual method of demonstrating the 
elasticity of colloidal solutions as protoplasm is to- measure their 
viscosity at various rates of shear-K Pure liquids and true solutions 

1) H. Ppeipper, Physics (New York) 7, 302 (1936). 

2) In addition to the measuring the viscosity at various shearing stresses 
there are, it is true, further experimental tests used for the elasticity of proto- 
plasm. They may be arranged as follows : 

a) the osmotic increase and decrease of protoplasmic volume according 
as the circumstances may require it (C. NAGELI, S. Schwendener) ; 

b) several gravity methods (A. Heilbronn, E. Bunning, W. 0. Kermack, 
A. G. M’Kendrick, E. Ponder) ; 

c) the centrifuge method with varied rotatory speeds (L., V. Heilbrunn) ; 
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haw the same viscosity no matter what the rate of shear Thev 
obey PoiSEUlLLE’s law and are said to be Newtonian thatTs'tn 
to exhibit true viscous flow. The rate of flo^ “t will etn * ^ 
pressure, but the viscosity i, remains constantly.. On the other hatirt 
elastic or Tum-Newtonian fluids have a lower viscosity as th»^ e ’ 

mathematical features of this difficult proWem'b' These“Sstions 

tt *tot - 

eontent myself with the experiments Rheologists. I 

Unfortunately we cannot cause the' nrotonlaq-m fn Un +1. 

used several times L measuremen . 'n f th 

plasm against a liquid medium»> as far atVoT^ff ‘“r"" 
of deformation of nrotonlnom ■ i different experiments 

tain Lduls oLhearir to ascer- 

Nnh.rj : ®^®aring stress and of extension^). 

(Physalis AlkekZt^ms°Vamati *om liquefying pericarps 

-^aus o/eipe“LtSruW^»Tf rp^lS/Su^kl 

d) the determination bv mpnno «-p i ^ 
minute nickel particle emberis/a 7+? . electromagnetic attraction of a 

UCH, W. SEimz) ; P>^“‘«Plasm (A. Heilbeonn, H. pLund! 

microdissectio?(wrSEMi“G™w”scMTH“E Pomp ‘>3' “aans of 

There are many points in the behaviour of^t'hf T ’ P^owe, &.). 

'“‘‘■ly ™ ‘he assumption of elastichl ‘^hieh are more 

The behaviour of the inesoplasm aeainlt tb7 ‘han of surface tension alone. 

geststhatit, too, possesses elasticilv if «T„ *®eection needle sug- 

mcludes, nevertheless, some? me a 1 ttfe Ze observations 

hen Stokes’ formula is not aSheab aff is elastic 

the centrifuge methods are suitable ’ ‘horofore, neither the gravity nor 
not of use for the purpose. So the iest tests are measurements are also 

g) tte d“:arremer:f‘?r^ "7 H. Peeipeee, 

versely proportional tether its change in- 

during the protoplasmic Sow^by means°off)f£77“* arrangement of particles 
by the author in this paper). ^ Polarization microscopy, firstly shown 

McGraw-Hm, York and London, 

Brit. J. exp. Biol. 1, 431 noPAi S T 7 “ Protoplasm comp, also- Seifrt/ 

jILr °f dtheol. (New YorS ? 9,’ 

Janet Plowe, ibid. 2, 263 (I93I). (1930), and in collaboration with 

exp. et genl''(ISis)®75; SfaStr”®'"' N”- 689 (1981); Arch. zool. 

7 H SS 25, S97 (iggg)^ 

(1936) • ■ (Tohyo) 6, 329 (1986); Protoplasma 26, 872 

■PEIpeer, Z. wiss. Mikrosk. (Leipzig) 50, 429 (1934). 
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cells (onion-skin of Allium Cepa) and parenchyma cells (from leaves of 
Hyacinthus orientalis, Orchis maculatus) . Besides we find useful material by 
opening the cells of several Chara species below liquid paraffin, if need by 
staining the cells intra-vitam with 0.05 percent chrysoidin. At last I have 
employed the cells present in saliva (resembling leucocytes) obtained from the 
not rinsed human mouth. 

The apparatus of deformation (fig. 1) consists of a capillary c, a water 
manometer m, and a tube v with india-rubber aspirator bulb and two-passage 
tap, all three united by 
a Y-tube z between’^) * 

After sucking up the 
protoplasm by means of 
a vacuum, measured on 
the attached mano- 
meter, we observe the 
deformation of the ob- 
jects. We measure the 
rate of flow v/t, that 
is to say, the time (in 
sec.) necessary for fill- 
ing a precise length 
of the capillary (in 
10-'‘cm.) at any nega- 
tive pressure (in cm. 

HuO of the mano- 
meter) . 

The curve of 

the rate of flow v/t for inducing graded shearing forces. 

as ordinate plotted against the vacuum head (shearing stress) p as 
abscissa exerted on the objects shows a remarkable peculiarity. It is 

not a straight line, as 
it would be expected 
if protoplasm were 
an ideal liquid, but 
the velocity of the 
shearing flow in- 
creases with increas- 
ing force, at first 
slowly, later more 
and more quickly 
(fig. 2). In experi- 
ments with model 
liquids, the values of 
the quotients of p to 
v/t are nearly on a 
straight line if the 
fluid is inelastic, as 
in water or glycerin. 



on protoplasmic drops of Physalis pericarps (A, C, D) 
or out from denuded protoplasts of Orchis maculata (B) 

after plasmorrhysis in 0.6 (x x), 0.56(0 0)» 

0'6(O“‘~O)> and 0.65 mol. KN 03 (A — A), moreover 
(D) on inanimate droplets of glycerin (ii- h). 


1) H. Pfeiffer, Protoplasraa 23, 210. (1935), 
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But there is obtained quite an appreciable curve if the material used 
shows anomalous flow, as if with sodium stearate. Naked cells plas 
morrhyzed» by hypertonic media of different concentrations (salts or 
non-electrolytes) differ from normal ones, as the slope of the curves 
decreases the more the plasmorrhysis rate increases. On the other 
hand, tte slope of the curves decreases as the working- temperature 
either increases to 25 to 30°C. or decreases to 12 to 15°C. Here we 

find apparently a relation similar to that of temperature on the 
viscosity of protoplasm. 

The most of these results I have already given in my lecture at 
Amsterdam. But since that time I have repeated the experiments 
wi h other objects and at more shearing stresses on each deformation 
experiment Often the protoplasm seemed to possess a yiZ r^ue 
.e. to require an initial force to start flow"*. But this phenomenon 
may be dependent on the adhesion of protoplasm at the capillary wall 
As the reality of such a phenomenon in consequence of many exneri 
ments of colloid chemists and rheologists is open to 00 “ ^™ l' 
am m dread of those interpretation all the more. The fact of 
anomalous flow of protoplasm, however, is shown by means of the 
course of curves of the rate of flow plotted against the bearing stress 

II. The absolute viscosity before and after shearing 

The viscosity of inelastic or true fluids remains constantlv as 

andZZ ^tb viscosity 

ucovmes Less and less as the pressure is inrrp««ari 

before and ^■’ows 

the conventional methods” to' mta'surrtLTrot*"]*"’* Stokes’ formula. So all 
nate as unsuitable. Only the nf n viscosity we have to elimi- 

purpose. A Preliminary attemnf to i if adapted for our 
the Brownian movement has been made bv L^V protoplasm from 

L. G. M. Baas Becking, H Tr> tJ' ^^^nn. At the same time 

considered in more detail the viscositv of^ H^^elling have 

^ viscosity of establishing a satisfactory estimate 

(1934, !• • 

n 'Stida“; 

p. l41._The real exiatenr “ a Nieuwenbdeg. ibid., 

KABlNOWITSCH,Z.physik.Chem. (Leipzig) A ““P' 

The phenomenon of the awomaZruf.? L and 166, 257 (1933) . 

H. Garrett and A. du Pre Denning often iep moreover, since 

of Wo. OsTWALD, W. R. Hess H PRPTnvrfr investigations, especially 

SzEGVAKi and of many c'ollaSatos^''^''''^^"''’ M. Reiner, A^^- 
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of protoplasmic viscosity, by the use of A. Einstein’s equation for horizontal 
displacement. 

Perhaps the most significant measures from the Brownian movement are 
those of J. Pekarek which determine the number of the “mean two-way first 
.passages” of the moved particles^. He finds the absolute values of viscosity 
from the formula 






R Tt 
8 Ti l‘N an 

(where E the absolute gas constant, N the Loschmidt number, T the absolute 
temperature, t the time during the counted passages, « the radius of the observed 
particle, I the distance between two scale lines of the ocular, n the number of 
the passings). 

Combining this method with the deformation experiments we prefer proto- 
plasts with a relatively thick cytoplasmic surface layer, as from opened cells of 
Chara fragilis. Then we do not need to introduce B. LadeNburg’s correction 
into our equation, and we become certain of observing particles wholly within 
the cytoplasm. In order to have a size of comparison, we assume the viscosity 
values through a whole series of increasing heads and connect the values with 
the initial one. 

Changes in cytoplasmic viscosity occur during the influence of 
shearing forces on the material, the curves as given in fig. 3 bear this 

out. Under suction ipp , 

the viscosity tends to ^ ' * " 

be less, and as the 

shearing stress is in- go- 

creased, there is an _ 

increase in speed of x ^ 

the Brownian move- *^ \\) ° 

ment. The values - \ \ 

of viscosity, as shown \ Nv 

on the coordinate \ \x ^ 

scale, are distinctly ® \ ” \ 

'lower as the rate of 'f 

1 • B 

shear increases. The i i i ■ i i i i i i 

„ , , . , , 2 3 4 5 6 7 em, HgO 

tact that a change p — *• 

does occur and is in absolute viscosity values after influence of 

,, • 1 j j- shearing forces expressed as percentage of the initial 

tne indicated direc- values plotted against the shearing force demonstrated 
tion, indeed, is f ul- on protoplasmic drops of opened cells of Chara fragilis 

fillment of the pre- 

... (O G)> Ca(N 03)2 (O O). moreover (D, E) 

diction derived from on model droplets of glycerin (H” ■) and sodium 

the a priori analysis. stearate ---zx). 

On some results I have already reported to the section of 
Cytology of the 6th international botanic congress at Amsterdam, 


2 3 4 5 6 7 em, H„0 

p ► 

Fig. 3. The absolute viscosity values after influence of 
shearing forces expressed as percentage of the initial 
values plotted against the shearing force demonstrated 
on protoplasmic drops of opened cells of Chara fragilis 

(A— — C) after plasmorrhysis in NaN03(x x), KNO3 

(0 0)> or Ca(N 03)2 (O 0)> moreover (D, E) 

on model droplets of glycerin (h- ■) and sodium 

stearate — zx). 


1) J. Pekarek, Protoplasma 10, 510 (1930). 
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SO I have only to give further particulars. In experiments with 
plasmorrhij^ed ^ cells of pericarps (Taxus baccata, Phy sails Alke-. 
kengi), there is only a little agreement in the results using either 
sodium or potassium or employing calcium salts as plasmorrhyticis 
It does appear that sodium and potassium ordinarily lower viscosity 
and calcium raises it. So in plasmorrhyticis with sodium or potas- 
sium the slope of the curve of viscosity rate (in percent of initial 
viscosity) plotted against the shearing stress decreases much quicker 
and stronger than the slope of the curve does if a calcium salt has 
een used. These differences, however, are less distinctly at other 
Te stated Hyacinthus), so that no general rule can 

Taking in consideration the temperature, we find increasins" 

tween 26 and 31 just as between 10 and 15°C. These results cor 
respondent with the course of some curves of anomaToL betavio^^^^^ 
of flowing speed referred to in the first part of this paper. 

Model ^ substances as water, glycerin, or sodium stearate show 
after staining with vital dyes a distinct difference between true fluid! 

raratr^:!”'’- for.in:tence :od"t’ 

to the shearing stress, and the calculated viscosity vaLe remri 
nearly the same during the whole experiment. But if a solution of 
odium stearate is used the viscosity values decrease more and more 
J St the same as if protoplasm is sucked up in the capillary There 
fore protoplasm as far as an elastic fluid of non-Newton7an Lt ire 

!ta”tfment rlsV’’® Newton, Poiseuille, and Stokes. This 
statement is as true as any that can be made of protoplasm. 

III. The anisotropy of the protoplasm within the capillary 

of the ,, , the 

It IS a colourless, viscous fluid with great light JZl bBiPSiz). 
most cases the protoplasmic matrix of living 7 

structure even under the highest nower. ef I ®™ibits no optical 
protoplasm normally exhibits no t- r 7*^ “loroscope. Although 
mitted to a stress Mono n lL e ®*™oture, yet when sub- 

sometimes be deZfd7o BmcLT::’ can 

gonous protoplasm of Lmifca ™!to L^'tf " «bown from homo- 
the shell. Similar phenompnn i a ° through the opening of 
cells (G. W. ScIkth) certain plant 

orientate themselves a ong d!! •/ ^ cytoplasmic particles can 

mselves along definite axes when lying in a suitable Held 
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of force, just as do those of albumen (W. B. Hardy). The existence 
of such orientations is not always obvious during life. 

Under the ultramicroscope, as well as under the polarizing 
microscope, the protoplasmic fluid generally appears optically void. 
But elastic properties of colloidal fluids (sols) often are intimately 
associated with structure. There is a continuity in structure in these 
non-Newtonian systems which does not exist to the same degree in 
strictly Newtonian liquids. If an elastic solution is subjected to 
shearing stresses between two rotating cylinders, it shows a con- 
siderable amount of double refraction. This phenomenon is, com- 
monly, the result of an orientation of optically anisotropic elements. 
It is well known that many substances become doubly refractive if 
they are deformed by external forces, an effect which is generally 
called accidental double refraction. The effect can be observed very 
easily, too, by an arrangement similar to the one used in the experi- 
ments as previously mentioned. 

We use the deformation apparatus (fig. 1) consisting of capillary, water 
manometer and india-rubber aspirator bulb. Vertical to the axis of sucking up 
the protoplasm into the capillary, a beam of parallel, plane polarized light 
passes with its optic axis at a given radius through the flowing protoplasm. 
The light is produced by a powerful lower Volt lamp {“Monla” E. Leitz) with 
adjustable collimator and iris diaphragm, collected by a condenser, polarized by 
a nicol prism and rendered nearly parallel by a second condenser. After having 
passed the capillary with the object and the space below the objective the 
light passes the microscope and the analysing nicol. The arrangement of the 
objective and ocular is rendered telecentric by two diaphragms of 0.15 mm. 
diameter. Thus only beams which run parallel or almost parallel to the axis 
of the microscope can enter the ocular. 

If the protoplasm within the capillary is viewed as a whole 
between the crossed nicols a characteristic behaviour of the material 
appears while it is sucked up. At the first being directed without 
rules and regulations, the particles raise up vertically on the capillary 
wall and, finally, merge into each other in a homogenous layer. Now 
within the capillary the material forms a liquid column in which 
the optical axes of all the particles are upright radially. 

The phenomena between crossed nicols come up to the assumption 
of structure. Therefore, if an angle of 45° is between the axis of 
the capillary and the principal cut of the nicols, a system of many- 
coloured interference veins presents in parallel with the capillary 
direction (fig. 4). If we permit the protoplasm to flow the inter- 
ference strips remain the same as before, even at slight deflexions of 
the capillary. If, however, the flowing speed is growing more and 
more the particles are placed sloping and the interference veins 
disappear. Near the capillary axis the flowing- speed is greater than 
near the wall, so the coloured strips are often not to see in the centre 
of the capillary. 

46 * 
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Briefly considering how these facts are in relation to those from other 
investigations, one is reminded of H. Pfeiffer’s experiments on the disappearina 
of double refraction of myelin drops adhering at walls of certain substances, 

and especially of G. VAN Iterson’s observations in 
experiments with the acid cadmium salt of the 
phosphor glycinic acid’). This substance shows only 
a little rate of double refraction if it is sucked up 
below a cover-glass, but a much greater rate if in- 
vestigated within a capillary. In case this happens 
differentiated cross-bands of coloured interferences 
arise within the mass. 

G. VAN ITERSON interprets the phenomenon as a 
spontaneous coagulation of the sol which is advanced 
by mechanical influences of the capillary wall. The 
question arises as to what extension his explanation 
IS available for our experiments with flowing proto- 
plasm. Perhaps the commonest conception is that 
the interference veins are caused by an orientation 
of the protoplasmic particles as described above. If 
this hypothesis is in the main correct, the broad 
centre band bordered with coloured strips is repre- 
sented by a less orientation of the particles (mole- 
cules or micelles). Changes in the orientation and 
closeness of approximation of molecules are readily 
induced as many investigations have shown. Our 
experiments reveale that the ca,use of this pheno- 
menon lays in the co-operation of adhesion at the 
wal Q-xid flowing through the capillary. Two possible 
explanations for the varying rate of double refrac- 
tion and the behaviour of the interference veins may 

or the behaviour* resemhlpc! tn n ^ ucKeci up piotoplasm, 

<L.«cev.n fun^knT dLwc 

asymmetric. tL p?™ ctm 

refraction and interference bands Hnnin fl ^ whether a fluid produces double 

^ Further complications with respect to the mechanism of double 
lefi action and the breadth of coloured veins are encountered in the 

InlarUyZrtTTf that these peculiarities 

to whth must f ^ physical property in the salt solu- 

tions which must be closely related to the influence upon the proto 

?eTo‘mrkTbv var"*'°th‘’ observations 

0 the pTsmorrhvt temperature, at constant concentrations 

piasmoiihyticis, a similar conclusion is obtained. 

1) H. Pfeiffer, Abh. Nat. Ver. Bremen 29 r* 

Proc. Akad. Amsterdam 37, 367 (1934) ’ (1935); G. van Iterson, 


C 


Fi«. 4. The system of many- 
coloured interference veins 
in protoplasmic drops flow- 
ing within the capillary at 
middle (A), high (B), and 
very low flowing speeds 
(C) of the material (A and 
B magnif „ Cfiso/j). 
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In strongly acid and alkaline solutions the effect disappears as 
irreversibly, as under the influence of denaturing agents. In weak 
solutions of acids and bases and in a moderate range of acidity 
(Ph 6.5 to 9.0) so far no striking changes have been observed. The 
results of varying the acidity are, however, scarce and have to be 
continued. 

Conclusions 

In this brief survey of three grotcps of experiments I have con- 
fined myself to the most general results. In an account of the subject 
as given here it is not possible to avoid controversial points, and 
the outlook I have described may perhaps a personal one. On account 
of the doubly refractive behaviour of certain protoplasts certain 
authors think of the mesoplasm as based on a continuous structural 
frameivork of a gel, rather than upon a continuous aqueous phase 
like an emulsion or suspension (W. Seipriz). But the rigid and 
elastic properties of protoplasm, too, are to explain on the assump- 
tion of its nature as a non-Newtonian flnicl. It is shown, I hope, 
that it is possible: 

a) to bring about an anomalous ftoio of protoplasm within the 
capillary of the deformation apparatus, and to demonstrate an in- 
creasing shearing flow with increasing forces; 

b) to produce measurable changes in fluidity of protoplasts by 
means of varying shearing stresses; 

c) to indicate between crossed nicols an anisotropic behaviour 
of the protoplasm flowing through the capillary, i.e. an interference 
effect of coloured veins parallel with the capillary wall. 

To summarize the most fundamental results of this paper we 
may say: 

1. The protoplasm is not a pure liquid or a true solution but 
exhibits anomalous flow and is, therefore, not obedient to the laws 
of Newton, Poiseuille, and Stokes. 

2. As far as other fluids with anomalous flow, protoplasm be- 
haves as if it contained aggregates of particles. 

3. Under ordinary circumstances, an elastic fluid owes its ano- 
malous flow, its changing in viscosity and its elasticity to the presence 
of structural elements. 

4. Just so the described effect of double refraction or inter- 
ference veins by means of flowing through a capillary is due to an 
optically and geometrically asymmetry of protoplasmic particles. 

5. Under pressure the structure tends to broken down, and as 
the pressure is increased, there is an increase in fluidity or decrease 
in viscosity. 
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6. These structural features that gave to the flowing proto- 
plasm its doubly refractive behaviour were probably responsible for 
its non-Newtonian character. 


7. Protoplasm often behaves as though based upon the proper- 
ties of CL non-N ewtonian fluid. Its tangential expansion r , as of any 
non-Newtonian fluid, is a function of the tangential shear y and its 
change in time : x = f(y. dy/^it) . 


Ltnal remarks^ln conclusion it gives me great pleasure to acknowledge 
my indebtedness to Professor E. G. Bingham (Easton, U. S. A.) for many helps 
and sugpstions, and to Professor William Seipriz (Philadelphia, U.S.A.) for 
his grep interest and kind criticisms during the development of these investiga- 

A enterprise E. Busch 

A.-p (Rathpow, Germany) for the borrowing of several instruments especially 
in favour of the investigations of double refraction. 


Bremen, 29th Sept., 1936. 


1937 


711 




The Factors Locating the First Cleavage Plane in the Egg 
of Chaetopterus 

By 

T. H. Morgan 

William G. Kerckhoff Biological Laboratories, Pasadena, Calif. 

The original objective of the following experiments was to 
determine whether the first or second polar body (maturation) 
spindle, if held near the middle of the egg on the centrifuge, or 
if driven from the polar region into the clear zone of the egg by 
centrifuging, will bring about the division of the egg instead of 
returning to the surface and giving off a polar body, and also, to 
find out whether, if the polar spindles come to lie in elongated 
fragments of the egg, they will cause the fragments to divide rather 
than give off polar bodies on the surface of the fragment. The point 
at issue has some general interest as a cytological problem bearing 
on the nature of the mitotic figure that acts usually to give rise to 
* the small polar bodies. The examination of these problems led to 

a study of the relation of the pole of the egg to the extrusion point 
of the polar bodies, and thence to the question of the presence of 
a dorso-ventral axis in the egg before its maturation. Since this 
last problem seems more important than those that were the initial 
starting points of the work it is the one especially treated here. 

When the ripe eggs of Chaetopterus are taken from the parapodia 
the large germinal vesicle is present. In the course of fifteen minutes 
it breaks down, and the polar spindle develops, which then moves to 
the pole of the egg where it remains indefinitely if the egg is not 
fertilized. If the eggs are fertilized the first polar body appears in 
about 25 to 30 minutes and is followed in the course of 10 to 15 more 
minutes by the second polar body. At about 25 minutes later the egg 
becomes pointed at the pole, and then flattens after about seven 
minutes more when the antipolar lobe appears. The division of the 
egg starts five minutes later. These rates depend in part on tempe- 
rature (between 23° and 25°C), and on the ripening of the egg. 

In some of the earlier experiments the unfertilized eggs were 
centrifuged not earlier than fifteen minutes after removal to sea 
water, when the first polar spindle has developed. Large numbers 
of eggs in sea water were put into the centrifuge tubes. They form, 
I after centrifuging, a compact mass at the bottom, many cells deep. 
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When broken apart by proper centrifuging the pieces, large tops 
(with or without oil caps), middles and bottoms (Figs. 1-12) remain 
at the outer end of the tube, but under certain conditions tiny oil 
drops come off which rise in the water of the tube. These tiny oil 
fragments float in the water, and, when removed to dishes of sea 
water, collect on the surface. Each consists of oil and a little clear 
protoplasm. They do not, as a rule, contain all of the oil of the egg, 
but only part of it. They are so small that unless the tube is examined 
with a lens they may easily be overlooked. 

In order to avoid crowding of the eggs, fewer of them were put 
into the tubes over a solution of gum arabic in sea water. The eggs 
of Chaetopterus are easily stratified, but not elongated or broken 
apart on the gum, even at a much higher speed of centrifuging than 
suffices to break them apart in sea water. In other words the mem- 
brane does not break down when the eggs lie on the gum, and its pre- 
tbnT elongating (or allows only slight elonga- 


lo obtain satisfactory fragments of the eggs in sea water it 
IS best to start with a slow rate (1850 r.p.m.) . The outer end of the 
centrifuge tube was about 19 centimeters from the axis. At this rat^ 
are stratified in five minutes. The speed is then increased 
(-3970 r.p.m.) for several minutes (10 minutes) which elongates the 
egg, and then for about two minutes a higher rate (4530 r.p.m.) is 
used, which breaks the membrane, usually at the yolk part. The volk 
from the rest of the egg, and the top often remains inside 
e broken membrane. The constrictions that separate the egg into 
ragments may take place at different levels, depending partly on 

br!ak7t ^trifuging, and also on where the membrane 

breaks to let the yolk squeeze out. The elongated tops and middles, 

or even whole eggs that have not broken, round up in the course of 
a few minutes after removal from the tube. 

The problem of the orientation of the eggs in the centrifuge tube 
brings up several interesting questions. When stratified over gum 

lUs'foundlrtT'^i® minutes) and then fertilized, 

the sL of the r 7 

Tuator of tS ^fot^Pl^^mic zone, sometimes even near the 

to amear ft le t one would expect the polar body 

does oecf it 1 ufT ^^ile this 

however on the a e ® Preceding interpretation rests 

the tr™ „ 'T” 7“ ‘he centrifuge with 

P rned centripetally, and consequently with the oil cap 
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at that pole. On the other hand, even if the eggs should fall, when 
centrifuged in water alone, with the pole toward the axis of the 
centrifuge they might, when they become packed together at the outer 
end of the tube, be turned in all possible positions. This would mean 
random stratification, and if this occurs the stratification should bear 
no relation to the polar axis of the eggs. There is, however, evidence 
to the contrary even although it be granted that the crowding may 
affect the orientation to some extent. For example: if eggs are 
fertilized before centrifuging and are then centrifuged at a moderate 
rate, so that they are not elongated, at the time when the first polar 
body is already extruded, it is found that it lies at one side of the 
clear zone in most of the eggs, and not in the center of the oil cap. 
In fact, it is in approximately the same position as when the un- 
fertilized egg is centrifuged and the polar bodies come off afterwards. 
Furthermore, the centrifuged eggs become pointed later exactly where 
the polar bodies lie (now two of them) , and shortly after this the 
yolk lobe appears opposite the polar bodies, rather than opposite the 
oil cap. This can only mean that the eggs orient themselves on the 
machine with the true pole at one side, for the polar bodies, if ex- 
truded before centrifuging, certainly lie at the true pole of the egg. 
It would seem to follow that the top of the egg, i.e. its uppermost 
point in response to gravity, is at the surface immediately above the 
large germinal vesicle, hence the egg turns on the machine with its 
lightest region towards the center of rotation and with the true pole 
at one side. In other words the oil is not driven to the true pole, but 
to one side of it. 

In order to find out to what extent the crowding of the eggs at 
the end of the centrifuge tube may interfere with their orientation 
some eggs were centrifuged over thick gum arabic dissolved in sea 
water. In this case fewer eggs were centrifuged, only enough to give 
a single layer on the gum. In the first test, eggs that had been in 
sea water for 15 minutes were centrifuged over gum at 1850 r.p.m. 
for 5 minutes which suffices to stratify them. The spindle is at this 
time beneath the true pole of the egg. When removed and examined 
under the microscope some of the eggs show by the clearer region 
where the polar spindle lies. This is usually at one side of the oil 
or not in the oil field at all. Most eggs show the oil field intact. A 
count of eggs showed 15 with the polar spindle excentric in the oil 
field, one or two at or near the middle, and 45 with an intact field 
i.e. only one fourth of the eggs showed the true pole to lie at or near 
the oil field, and in nearly all cases at one side of or outside the oil 
field. The spindle in other eggs was either in the clear zone or beneath 
the oil. When fertilized the polar bodies came off corresponding to 
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the above interpretation, i.e, most of them at one side of the clear zone. 

Another lot of the same unfertilized eggs, that had stood in sea 
water for 35 minutes, were similarly centrifuged. The longer 
interval may be supposed to have given the polar spindle more time 
to approach near the pole. The results were much the same as in 
the last case, namely, 26 spindles were in or at the edge of the oil 
field, while 77 eggs showed no clear region or crescent in the oil. 

A third lot of the same eggs were fertilized. After 36 minutes 
the second polar body was out. The eggs were then centrifuged for 

10 minutes at 1850 r.p.m. Owing to the longer centrifuging the 

011 field was a little more concentrated. No- polar bodies were to be 
seen in the middle of the oil field. They lay at the side of the oil or 
in the clear zone. 

Finally unfertilized eggs that had stood for two hours in sea 
water were centrifuged over gum in the two^ tubes of the machine at 
1850 r.p.m. for two minutes. One lot (A) was then taken out and 
examined. The oil field was small. Only a few eggs out of 50 
counted, showed a clear spot at the edge of the oil, and only two out 
of 50, in the middle of the oil field. The eggs in the other tube (B) 
were centrifuged further for 5 minutes at 2970 r.p.m. When re- 
moved no clear spot was found in any of the oil fields. If in some 
eggs the spindle lay at the center of the oil it must have been driven 
below it. Spindles that lay near the edge of the oil might not now 
appear in the smaller oil field, others may have been driven below 
the surface, but there is not much evidence that such was the case. 

The following observations illustrate what happens when eggs 
are centrifuged at once in sea water, i.e. before the polar spindle is 
formed and during that time. Eggs were taken from the parapodia, 
washed quickly in sea water, placed on the centrifuge and rotated 
for 5 minutes at 1850 r.p.m. They became stratified, but the three 
layers were not as sharply separated as when centrifuged later or at 
a higher speed; the oil field for example is not so deep and covers 
more of the surface. Removed to a dish of sea water some eggs lie 
at first on the side ; others with the oil uppermost. At this time 
the polar spindle has not come to the surface. Fourteen minutes 
after removal, the oil field turned up in many eggs, it lay obliquely 
in others, and to the side in the rest. Only a few eggs show a clear 
spot in the center of the oil which, in such cases, forms a ring around 
the clear spot. Four minutes later the eggs were fertilized. Eleven 
minutes later the first polar body is coming off. At this time many 
eggs lie on the side and the polar body is coming off at the side i.e. 
in the clear zone; in others the oil field is crescentric or notched 
indicating that the polar body is coming off in or near the oil field. 
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which itself may now be shifted to one side of its original position. 
Only a few eggs have a clear spot at or near the center of the oil 
field. When the second polar body comes off beneath the first one, 
the first polar body can be seen more clearly. The oil field is upper- 
most in many of the eggs. In about 30% (estimated) there is a 
clear spot in or at the edge of the oil. In those eggs in which the 
oil field is intact the polar bodies lie in the clear zone, sometimes near 
the oil, sometimes in the middle of the clear zone, and in extreme 
cases at the horizon, i.e. nearly 45° away from the center of the oil. 

In another similar experiment the eggs were put in the centrifuge 
at once and rotated a little longer (7 minutes) at a slightly higher 
rate (2700 r.p.m.) . When removed the eggs were somewhat 
elongated or pear shaped. The oil field was more concentrated 
(smaller in circumference). Eleven minutes later most of the eggs 
were spherical or nearly so. Very few showed a clear spot at the edge 
of the oil field. The eggs were fertilized 2 minutes later. Eight 
minutes later still some of the eggs showed a clear spot notching the 
edge of the oil field (in the ratio of 32 with a notch to 100 without a 
notch) ; rarely was there a clear spot in the middle of the oil field. 
In some eggs it was obvious that the oil field was being pushed to one 
side as the spindle came to the surface, approaching the yolk more 
on one side. When the polar bodies appeared they lay, in most 
of the eggs, at the edge of the clear zone. Later when the eggs be- 
came pointed, the polar bodies were at the pointed end, showing that 
they had come off at the true pole. A third experiment of the same 
kind need not be recorded as the results were the same. 

Since the eggs centrifuged in sea water tend to become elongated 
(although they soon round up) eggs were next centrifuged over gum 
arabic where they retain their spherical form. 

Eggs in sea water were placed over gum in the centrifuge tubes 
immediately, and allowed to settle. They were then centrifuged for 
5 minutes at 1850 r.p.m. When removed most eggs came to lie with 
the oil up, the rest on their sides. Seven minutes later, all had turned 
up ; only six eggs in a hundred had a clear spot in the center of the 
oil. Two minutes later a larger number showed a crescent shaped 
oil field. Eleven minutes later 9 had a crescentic oil field and 76 not, 
only two showed the clear spot in the center of the oil field. After 
fertilization the oil field lay in most eggs obliquely with respect to 
the yolk, i.e. it had been pushed to one side. The polar bodies when 
seen (outside the oil field) lay at the edge of the clear zone. Some 
of the same eggs were kept for 17 minutes on the machine at the 
same speed. During this time the polar spindle must have developed. 
These eggs were well stratified but not elongated to any extent. In 
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sea water some of the eggs (64%) turned the oil field up, others 
lay on the side. Rarely was the oil field dented. Twelve minutes 
later nearly all the eggs lay obliquely on the side. After fertilization 
the eggs lay with the small oil field up or a little obliquely; only 7 
eggs had a clear area at the edge of the oil field and 50 not. Later 
the polar bodies lay at the side of the clear zone, none showed a 
clear center in the oil, which had now spread somewhat. 

These results with gum arabic are practically the same as those 
in sea water, showing that slight elongation of the egg in the latter 
had not affected the results. It is clear, therefore, that the top of 
the unfertilized egg, which is its uppermost side in response to gravity, 
corresponds to the oil field, and that the true pole lies excentrically 
with respect to the lightest region of the egg, both before and after 
the polar spindle has moved toward the surface of the true pole. 

It has been pointed out that when the eggs are taken from the 
parapodia, washed in sea water and allowed to settle on the bottom 
of a flat dish, under the microscope they are all apparently alike, i.e. 
with the germinal vesicle turned exactly upward. As the germinal 
vesicle (egg nucleus) disappears and the spindle develops, a clear 
region appears at one side of the egg, which, as subsequent observa- 
tion shows, is the true polar field of the egg. In many of the eggs it 
lies almost at the equator, in others it lies somewhere between the 
original top of the egg and the equator, i.e. in an oblique position. 
Two interpretations seem possible: (1) The eggs turn to one side 
as the spindle develops so that the original top of the egg comes to 
lie at one side; (2) the top of the egg is not the true pole, that lies 
to one side. The polar spindle moves towards the true pole. To 
settle this point, eggs resting quietly on the flat bottom of the dish 
in a single layer were carefully watched during the time when this 
change takes place. 

A group of eggs that had been allowed to settle was sketched and 
watched for any evidence of turning to one side as the change 
described above takes place. No evidence was found that the eggs 
shift as a whole to one side. A few eggs in each group can be found 
that are not quite spherical and these furnish a better chance to 
observe any turning, especially eggs that are a little elongated. No 
turning was observed in them. Sometimes such eggs developed a 
clearer region at one end of the elongated egg, and here any move- 
ment as a whole would be easily observed. This evidence in itself 
might not be regarded as entirely convincing were it not confirmed 
by other observations. For instance: if. the eggs are slowly cen- 
trifuged over gum after the first or both polar bodies are extruded, it 
is found in most cases, as described above, that the polar bodies do 
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not lie at the center of the oil, but to one side of it, or even entirely 
outside of the oil field. This is consistent with the view that the 
original part of the egg that turned uppermost in response to gravity 
is still the lighter part of the egg. The true pole, where the polar 
bodies lie, is still at one side of this region. If the eggs had turned 
as a whole this would not have been the case. The conclusion is 
obvious, namely, that the germinal vesicle does not lie beneath the 
true pole, and the lightest part of the egg is not at the pole, nor is 
it there after the maturation spindle has moved to the true pole. It 
follows either that the germinal vesicle may be anywhere in the polar 
hemisphere with respect to the pole, or that it lies excentric to the 
pole but in a definite position in the egg. 

Two sets of eggs were fertilized 15 minutes after removal and 
allowed to settle. In each set about 25 eggs were drawn with the 
camera, viz. those eggs that showed distinctly the clear area at the 
side. A mark was placed on that side of the drawing. The eggs 
were closely watched until the first cleavage appeared. In the first 
dish the first cleavage plane came in vertically, i.e. through the pole 
and the uppermost part of the egg. In three eggs the plane was 
oblique. In the rest of the dish, where the eggs were not drawn, 
there were counted 240 eggs with the first cleavage plane vertical 
and only 16 in which it was oblique. In a second dish the first 
cleavage was vertical in 12 eggs and oblique in 3 eggs. Two eggs 
divided into 3 cells. 

In order to meet the possible criticism that the position of these 
eggs had been affected by the entrance of the spermatozoa, another 
lot of eggs was allowed to settle as soon as removed. After 25 
minutes, concentrated sperm on a glass rod was gently added to the 
top of the water. A group of eggs was watched at the time, and it 
was observed that their positions did not change. Here 20 eggs 
divided vertically, one obliquely, and two into 4 cells. In two cases 
the vertical furrow was at right angles to the presumptive location 
of the pole which may actually be the case, unless the pole had been 
wrongly identified. 

In a third experiment the eggs were fertilized as soon as removed, 
i.e. before the germinal vesicle broke down. After they had settled 
and the true pole indicated, the eggs, as before, were drawn. Here 
also the first furrow came in vertically and through the pole in 20 
eggs; in two cases the furrow came in nearly at right angles to the 
marker; one egg divided into 4 cells; and in one the lobe came in 
on the top of the egg. The last must have been an egg turned upside 
down. 

These results demonstrate that the top of the egg lies in the 
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plane of the first cleavage, and since it was in this region that the 
egg nucleus originally lay, it follows that its excentric position 
occupies a definite position in the egg. 

Now since it is known that the second cleavage of the eggs of 
annelids is in or near the plane of bilateral symmetry, and since the 
second plane comes in at right angles to the first, it follows that the 
germinal vesicle lies in the dorso-ventral axis of the egg. It follows 
that the egg of Chaetopteriis has its dorso-ventral relation determined 
both before maturation and before fertilization. The interpretation 
of this relation will be discussed later. 

Whole Eggs Kept on the Centrifuge During the Time 
of Formation of the Maturation Spindles 

In Ilyanassa, the so-called “giant polar body” is formed only when 
the eggs have been elongated on the machine and when they still 
retain this shape during the pinching apart of the two moieties. In 
Crepidulcb there is no evidence to show whether those eggs that divide 
to form giant polar bodies were elongated before or during the divi- 
sion. Both in Ilyanassa and Crepidula, a spermatozoon has already 
entered the egg when laid, while in Chaetoyterus the polar spindle 
does not divide unless the egg (or the fragment) is fertilized. Hence 
for comparison the eggs of Chaetopterus must be fertilized before 
centrifuging if the polar spindle is to proceed in its division. 

Eggs were kept in sea water for 11 minutes, then fertilized. 
Seven minutes later the eggs were put on the centrifuge over gum 
and rotated at 1850r.p.m. for 10 minutes, then at 2970 r.p.m. for 
10 minutes, during which time the first polar spindle has divided 
in the normal egg. When removed a polar body was seen to come 
off in 13 minutes in a few eggs ; at the side of the egg or at the edge 
of the oil field (the first polar body was out in the control at this 
time) . Later some of these centrifuged eggs were seen to have two 
polar bodies at the side. 

Some of the same eggs (in the sister tubes) were centrifuged 
10 minutes longer than the last (at 2970 r.p.m.) . Some of the eggs 
were slightly elongated. Most or nearly all of them failed to give off 
polar bodies, and 48 minutes later some of them divided (unequally) ; 
some had an antipolar lobe, other had not developed a lobe at this 
time. Many eggs had not divided. These were stained and found to 
have their chromosomes deep in the egg, i.e. in the protoplasmic zone. 

A third repetition gave similar results. The eggs were kept in 
sea water for 11 minutes, then fertilized. Seven minutes later they 
were put into the centrifuge and rotated for 2 minutes at 1850 r.p.m.. 
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then for 5 minutes at 2970 r.p.m., then for 10 minutes at 3700 r.p.m. 
No clear areas were present in the oil fields. After 19 minutes a 
polar body was seen in one egg at the edge ; none in the others. Later 
a few more showed polar bodies at the side of the clear zone. Thirty 
seven minutes after removal some eggs (about 20%) showed lobes 
developing or were about to divide. Ten minutes later more were 
dividing, some with and some without a lobe. In both cases the divi- 
sion was somewhat unequal, but sometimes equal. Stained prepara- 
tions confirmed the observations showing that some of the eggs 
divided without extruding polar bodies. They are probably penta- 
ploid. Some of the undivided eggs showed chromosome plates in 
the interior of the egg. 

Another experiment was made in an attempt to separate the 
daughter halves of the first polar mitosis. After eggs had stood for 
15 minutes in sea water, they were separated into six lots, fertilized 
successively at intervals of one minute. Then after 17 minutes they 
were mixed and put into the two tubes of the centrifuge over gum, 
and centrifuged at 1850 r.p.m. for 3 minutes, then at 2970 r.p.m. for 
10 minutes. When the eggs were put on the centrifuge, the second 
lot had the first polar body just appearing. During the 13 minutes 
on the centrifuge the first polar division was due. Hence there was 
a chance of catching some eggs in which the outer group of chromo- 
somes of the first polar spindle was attached to the surface and the 
inner group free to move into the clear zone of the egg. Should the 
separation of the two groups lead to a division after removal this 
would have been observable. No division appeared. Later the eggs 
divided into two unequal parts as does the normal egg. The division 
was 13 minutes later than that of the control. Since the polar body 
was not observed in most eggs after staining, it is evident that it must 
have been held below the surface in most eggs and may have divided 
there without causing division of the egg. 

Some remaining eggs of the same six lots were put into the two 
centrifuge tubes at 36 minutes after fertilization. At this time the 
second polar body was out or coming out in some of the eggs. The 
eggs were kept on the machine for 15 minutes. Three minutes after 
removal one lot became irregularly lobed, but few were lobed in the 
other lot in which the eggs remained spherical. The former became 
spherical again after 12 minutes. The cleavage was delayed, but most 
eggs went into 2 and 4 cells, some of them not quite regularly. No 
division before cleavage was observed. The stained preparations of 
the first tube showed the first polar body out in some eggs and chromo- 
somes in the clear zone. In other eggs one polar body, was but and 
the chromosomes inside. In the second tube one or possibly two polar 
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bodies were out and the chromosomes in the clear zone. Nearly all 
of the first set divided into two unequal cells wdth yolk lobes. 

Two other experiments of the same set gave similar results, but 
as the eggs were not in first rate condition the results need not be 
reported. In neither set did division occur before the cleavage 
appeared. 

Two comparisons may be made. The Chaetopterus eggs orient 
in such a way that the polar spindle is not exactly at the centripetal 
pole of the egg but at one side, hence there may be less chance of 
centrifuging the protoplasm away from the polar hemisphere as can 
be done in the oblique or inverted eggs of Crepidula<. Consequently 
there may seem to be less likelihood of separating the two anaphase 
plates widely. Whether this has anything to do with the failure of 
the maturation spindles to divide the egg can not be stated. Secondly, 
the eggs centrifuged over gum are not elongated, hence the situation 
is different from that of Ilyanassa. 

Summing up it may be said that by preventing the polar bodies 
from coming off by keeping the eggs on the centrifuge, the polar 
mitotic spindle does not bring about a division of the egg. There was 
no evidence pro or con that the centrifuging caused the daughter 
halves of the anaphase polar nuclei to separate. In Crepidulu where 
Conklin accomplished this, it is explained as due to one daughter 
group being held at the surface while the other daughter group is 
dislodged, owing to the cytoplasm being carried into the egg (or 
possibly as I have suggested along one side) . This abnormal condi- 
tion, he thinks, is responsible for the subsequent division of the egg. 
On the other hand in Ilyanassa, according to Clement and Morgan 
the two daughter groups of chromosomes of the second spindle move 
apart only a/ter the spindle has been driven as a whole or moved 
into the constricted region of the egg. The daughter nuclei move 
or are carried apart there and the protoplasm constriction may some- 
times separate them. 

Fragments of Eggs Centrifuged in Sea Water 
and over Raffinose 

When eggs are centrifuged in sea water at 3700 to 4230 r.p.m. 
they form a compact mass in the end of the tube. When released 
they are found to be broken up into fragments of different sizes. 
Some of these are tops with or without an oil cap, some are middles 
without oil or yolk, and some are bottoms consisting mainly of yolk 
(Figs. 1-16). It appears that in sea water the tough membrane of 
the egg breaks most commonly at the yolk end of the egg, the yolk 




1 and bottoms. These eggs were killed in Kleinenberg’s picro- 
iric, and stained in Delafield’s haematoxylin. 
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squeezes out and is pinched off, or breaks off when the eggs are 
removed from the tube. The oil may be in part or entirely pinched 
off. Although many fragments may be obtained in this way, they 
vary so much in size and in other differences that it is difficult to 
make a statement as to their behavior without going into some 
detail. 

Twelve different lots of eggs were studied: some of them were 
centrifuged before and during the time of the first polar body; others 
during the time of the second polar body, and others were kept on 
the machine during the time of extrusion of both polar bodies in 
the control. In some cases one, in others two polar bodies were given 
off from the tops or middles. In other cases no free polar body was 
observed. Later, at the time of the normal cleavage, many of these 
fragments divided into two unequal parts as in normal cleavage. In 
none of the cases was there any evidence that either the first or the 
second polar spindle divided the fragment, even when, as in some 
cases, the fragment was kept elongated on the machine when the 
mitoses were due. Preserved eggs show a group of chromosomes 
somewhere in the clear, now stained zone (Pigs. 1-12) . Sometimes 
the chromosomes are in the globular top that is about to be pinched 
off or has been pinched off (Figs. 2-6) ; at other times the chromo- 
somes may be in the constricted zone (Fig. 1) . If the eggs have been 
on the centrifuge during the time when the polar bodies are due these 
may be given off at the side of the stained zone. In most cases the 
group of chromosomes lies near the surface rather than in the interior 
of the stained zone. Consequently polar bodies are given off and a 
division of the egg or fragment does not take place. 

After the preceeding experiments had been finished, and only a 
few days remained to complete the work, a new method was found 
that is for most purposes greatly superior to centrifuging in water 
to break the eggs apart, or over gum to hold them intact. A saturated 
solution of raffinose in sea water was made. A little of this (about 6 
drops) was put into the bottom of a centrifuge tube. Eggs in sea 
water were added on the surface of the raffinose, mixing as little as 
possible. Rotated on the centrifuge the eggs lie on the surface of 
the raffinose in a single layer. No crowding takes place and better 
orientation is secured. After centrifuging, the eggs form a raft float- 
ing on the raffinose, and can be removed by a pipette with very little 
of the sugar. The extent to which they may be elongated or broken 
apart is easily regulated by the rate and time of rotation. The 
method, so far as obtaining uniform tops for subsequent study of 
cleavage, is immensely superior to sea water alone. I have, however, 
not attempted to follow this up except to record a few general observa- 
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Pigs. 16-30. Eggs centrifuged over raffinose. The elongation of the egg is shown in 
some of the figures ; in others, tops, middles, and bottoms have pinched apart on the 
machine or on removal. All from one set ; 16 to 24c killed at time of removal from 
machine. 25 to 30 twenty three minutes later. 
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tions on the first and second divisions. The following eight experi- 
ments record the results with raffinose carried out to study the be- 
havior of the polar spindles. 

Eggs were allowed to stand for 10 minutes and were then 
fertilized. After another 10 minutes they were centrifuged over 
raffinose for 3 minutes at 1850 r.p.m., for 5 minutes at 2970 r.p.m., 
then for 5 minutes at 3700 r.p.m. They were elongated about 3 times 
their breadth, and most of them were dumb-bell shape. Some tops 
had pinched off. Two polar bodies were found in some eggs and 
tops. Fifteen minutes later many of the eggs were spherical, but 
none had divided. One hour and nine minutes after fertilization 
the whole eggs began to divide with lobes. 

Some of the above eggs were left in the centrifuge and rotated 
at 2970 r.p.m. for a time not recorded, probably 13 to 15 minutes. 
None had divided when taken off. Most were dumb-bell shape 
(Fig. 16). Some tops had pinched off (Figs. 17 a, b). Two polar 
bodies were found in some of the stained eggs. Twenty two minutes 
later some of the tops began to divide into two unequal cells without 
lobes. In these two experiments the polar spindles did not divide the 
eggs or the tops, although the eggs were elongated during the time 
when the polar division was due. 

Eggs that had stood 13 minutes were fertilized. They were 
centrifuged over raffinose 10 minutes, later for 3 minutes at 1850 
r.p.m., for 5 minutes at 2970 r.p.m., for 10 minutes at 4230 r.p.m. 
and then for 8 minutes at 2970 r.p.m. again. Most of the eggs were 
elongated, and were several times as long as broad, and in many of 
them some or all of the oil was lost (Figs. 18-20), others were dumb- 
bell shape, others had separated into tops and bottoms (Figs. 20-24c) . 
Most of the tops cleaved 30 minutes later, when the controls showed 
lobes, into two unequal parts without lobes. In the poorly stained 
preparations the nuclei and polar bodies did not show. 

Other eggs of the same lot were centrifuged for 5 minutes after 
the second polar body appeared, for 4 minutes at 1850 r.p.m. for 5 
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show, two small polar bodies are present. Also, with one possible 
exception (Fig. 27), dividing nuclei were not present in the con- 
striction, and in none of them was there any nucleus visible in the 
small ball. Four minutes later the tops showed a partial division 



Figs. 31-42. Eggs centrifuged over raffinoae. 31 to 34 drawn from living eggs. 
The first one immediately after removal from machine ; the other three were drawn 
free hand a few minutes later when the first cleavage has begun through the oil end 
of the elongated egg. 35 to 39 from the same set, nine minutes after removal (pre- 
served and stained eggs) when the first cleavage is taking place. 40 to 42 eggs of 


another set ready for cleavage. 
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through the oil field (Figs. 32-34) and in some of them a small cell 
was cut off at one side. This was two or more minutes before 
cleavage in the controls took place, but is probably nevertheless a 
cleavage division. Some of the eggs that had been left on the raffinose 
in the tube were put back on the centrifuge for 6 minutes more which 
kept them elongated. Fourteen minutes after removal a few showed 
a notch in the apex which was a cleavage division. In addition to 
the vertical cleavage division, that was appearing at this time, a 
few eggs pinched off the oil that lay in the cleavage plane., Jn some 
of these eggs, with little oil, some of the protoplasm was pinched 
off with the oil (Fig. 37), other eggs gave off several droplets that 
are obviously not normal occurrences (Fig. 39) . It seems highly 
improbable that these formations, occurring at the time of cleavage, 
had anything to do with polar body divisions. 

In the next set eggs were fertilized 14 minutes after removal. 
Four minutes after the first polar body had appeared the eggs were 
centrifuged for 5 minutes at 1850 r.p.m., for 10 minutes at 2970 r.p.m., 
and then for 5 minutes at 3700 r.p.m. When removed they were 
about three or more times as long as broad. The preserved eggs 
showed a large nucleus near the stained end in most eggs (Fig. 40) . 
Rarely an egg was found with a small ball constricted off at the polar 
end (Figs. 41, 42). These balls resemble those in the last set, but 
since two polar bodies were present at the side of the stained zone 
it is improbable that they are to be interpreted as polar bodies. 
Possibly the membrane broke at the top setting free the oil and a bit 
of the protoplasm beneath it, which later constricted off. The oil 
was absent in some eggs. The eggs were spherical 13 minutes later 
and two large nuclei were visible in the stained egg. Twelve minutes 
later most were dividing into two unequal cells. The controls were 
about to divide at this time. 

Eggs that had stood for 13 minutes were fertilized. Twenty 
minutes later, when the first polar body was just out, the eggs were 
centrifuged over raffinose for 3 minutes at 1850 r.p.m., for 3 minutes 
at 2970 r.p.m., and 3 minutes at 4230 r.p.m. Since the eggs were 
still spherical they were centrifuged for 6 minutes more at 3700 r.p.m. 
The unbroken eggs were then five or six times as long as broad, and 
had lost some of the oil. They shortened in the preservative (Pigs. 
43-45). Some tops had come off (Fig. 46) that were larger than 
the bottoms (Pig. 47). Seven minutes later the eggs had contracted 
to half their former length, and were spherical six minutes later 
(Pig. 49). The, tops (with oil and without yolk) divided into two 
unequal cells without a lobe (Pig. 50). In this set again none of 
the tops were divided by the polar spindle. The second polar body 
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Pigs. 43-56. Eggs centrifuged over raffinose. 43 to 48 elongated eggs, and a top and 
bottom ; killed on removal from machine, and stained. 49 and 50 later stages of same. 
51 to 54 eggs of another lot, killed on removal from machine. 55 and 56 thirteen 
minutes later, dividing into a small and a large cell. 
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may have been given off before the eggs were elongated by the last 
centrifuging, but it was not found in the eggs after centrifuging. As 
the figures show, a large nucleus was present when the eggs were 
removed from the machine (Figs. 43-48). This nucleus is often 
double or lobed and represents no doubt the combination of the sperm 
and egg nucleus. The latter may represent, in some cases at least, 
all the chromosomes of the second polar body plus those of the sperm 
nucleus, and possibly, in some cases at least, all the chromosomes of 
both polar bodies when the first polar body failed to come off. It is 
difficult to detect the polar bodies in this set of centrifuged eggs. 
They may have been driven off the surface of the egg when it breaks 
through the membrane and elongates, or been flattened against the 
egg. 

Eggs that had stood for 9 minutes were fertilized, and 25 minutes 
later, when the first polar body had just appeared, the eggs were 
centrifuged over raffinose for 2 minutes at 1850 r.p.m., for 2 minutes 
at 2970 r.p.m., and 5 minutes at 3700 r.p.m. The eggs were about 
twice as long as broad when taken off, and were not broken apart. 
Chromosomes could not be detected in the stained eggs at this time, 
and there is no evidence of a second polar spindle. Nine minutes later 
the eggs were nearly spherical, and the stained eggs showed two large 
nuclei in the middle of the stained zone. Lobes appeared later on 
those eggs that were about to divide. The eggs had not been frag- 
mented on the machine. 

After standing for 10 minutes the eggs were fertilized. Two 
minutes after the first polar body appeared the eggs were centrifuged 
over raffinose for 5 minutes at 1850 r.p.m., for 10 minutes at 2970 
r.p.m. and for 5 minutes at 3700 r.p.m. The eggs were much 
elongated and dumb-bell shape as shown in Figs. 51-54. When re- 
moved they were even more elongated than the figures show, for here, 
as in all cases, the eggs had shortened immediately when put into the 
picro-sulphuric preservative. In most of these eggs a large nucleus 
is present in the stained protoplasm which represents the segmenta- 
tion nucleus. Two polar bodies were detected, which means that 
the second polar body had been given off at the side of the clear zone 
in some eggs at least. A partial oil cap was present on some eggs, 
but all the oil had been driven off in others. The eggs became shorter, 
and after 11 minutes were notched at the polar end. Eight minutes 
later they were dividing irregularly into two cells that were very 
unequal (Figs. 55, 56) . One egg had divided into nearly equal parts. 
The control eggs were divided at this time. Here again the polar 
spindles failed to divide the greatly elongated eggs that had been on 
the machine when the second maturation division took place. 
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The Stratification of the Eggs in Relation to 
the Polar Axis 

In 1906 and 1909 F. R. Lillie reported a series of centrifuging 
experiments with whole eggs of Chaetopterus. His results indicated 
that some of the eggs at least are stratified at different angles with 
respect to the primary axis. This would mean that the eggs (in 
water) are not all oriented in the same way on the machine. He 
thought that while most of the eggs, after maturation, orient with 
the heavier yolk hemisphere centripetally, “various causes combine 
to overcome this”. The crowding of the eggs in the outer end of 
the tube would be one of the agents of this sort. In Wilson’s earlier 
paper (1929) he did not discuss the question of orientation on the 
machine, the implication being that the hyaline fragments whose 
cleavage he described may represent any part of the original egg. 
In his second paper (1930) he examined the question of orientation 
and concluded that there is a “very marked tendency” for the eggs to 
orient themselves. He centrifuged eggs, that had extruded the first 
polar body and found that 70% showed the polar body in the oil cap, 
and 9% just outside. After the extrusion of both polar bodies, 70% 
of the eggs showed the polar bodies under or just outside the oil cap. 
These figures differ a good deal from those that I have here recorded, 
but are not essentially different since I was mainly concerned in find- 
ing cases where the polar spindle lay exactly in the center of the oil 
cap, at its edge, or outside of it. Moreover eggs centrifuged in sea 
water if crowded would be expected to give a somewhat different 
result from those over gum, since “various causes” may here affect 
the orientation. The area of the oil field is also a factor. The fact 
that the lightest region of the egg does not coincide with the true 
pole either before or after maturation was unknown to both experi- 
menters. 

The direction of stratification of the egg after centrifuging has 
a direct bearing on problems concerning the kind of cleavage that 
may be expected when the top of the egg is separated from the 
bottom. Both Lillie and Wilson observed that these “fragments” 
divide at the first cleavage into unequal parts as does the normal egg. 
Wilson studied the later cleavage as well, finding that it too repeats 
the normal pattern. I have obtained similar results. Both Tyler 
(1930) and I report much variability in the cleavage of centrifuged 
eggs and fragments. 

Now, if the fragments represent any part of the original egg the 
problems are different from those that arise if the dividing frag- 
ments represent only the tops of the egg when there is little or no 
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rearrangement of the materials to be expected. Furthermore, my 
own results indicate that the tops are from the lightest region of the 
egg, which is not, in most cases, the true pole that lies to one side of 
the center of this region. As a result the antipole of the egg, that 
lies exactly opposite the true pole, both in centrifuged and normal 
eggs, may sometimes be included in the fragment especially in the 
large ones. When this happens a '‘joYk lobe” region may be in part 
included in such fragments. In fact, I have found many cases when 
at the first cleavage of large tops a small lobe appears on the larger 
blastomere. In very small tops, however, no lobe is present, as a 
rule, as reported also by Wilson. On the other hand if the eggs fell 
at random, or turned over in the mass of eggs centrifuged in water, 
and if the polar lobe is a predetermined region of the egg, then one 
would expect, frequently, to meet with yolk lobes on clear fragments 
containing the hyaloplasm that came from the antipolar hemisphere 
of the egg. Cases of this sort have not been reported. In fact we 
do not know how such antipolar fragments would divide, even if they 
contained all of the hyaloplasm of the egg. 

Is the Excentric Position of the Germinal Vesicle 
Random or Constitutional ? 

If the true pole of the egg be accepted as present before matura- 
tion (and there is structural evidence to show that this is the case) 
the excentric position of the egg nucleus may be supposed either to 
be a random position in the polar hemisphere, determined perhaps by 
extrinsic factors (gravity or oxygen supply, for example), or a 
predetermined one in the egg itself. Either assumption is consistent 
with the observations. Certain consequences of the position of the 
nucleus call however for further consideration. Since it has been 
shown that the first cleavage passes through the center of the area 
formerly occupied by the egg nucleus (and the true pole) , this region 
becomes the plane that divides the future dorsal from the ventral 
material of the egg. Hence on the first assumption (extrinsic 
determination) this axis of the egg is not a predetermined one in 
the constitution of the egg. On the second assumption the nucleus 
lies in a predetermined axis. There is at present no way in which 
one can decide between these alternative interpretations. 

There is another consideration that has a bearing on this problem. 
It has been shown for the eggs of certain animals that the entrance 
point of the sperm determines the position of the first cleavage plane, 
and that this point and the egg axis determine the plane that 
corresponds with one of the major axes of the embryo (right-left or 
dorso-ventral) . Unless there is a predetermined side of the egg, or 


1937 . The factors locating, the first cleavage plane in the egg of Chaetopterus 731 

a preference side, on which the spermatozoon enters, one t)f its axes 
is determined by an extrinsic factor. In some other kinds of eggs, 
as in the insects for example, the unfertilized egg has a dorso-ventral 
and right-left form that agrees with that of the future embryo. To 
what extent its form is determined by the enclosing membrane, or 
by the follicle cells which surround it during its growth, or by the 
constitution of the protoplasm itself, is unknown. In some of these 
cases the spermatozoon enters the egg through a micropyle that lies 
somewhat on the ventral side of the egg. Whether the enforced 
entrance of the sperm on a predetermined side plays any role in the 
axial determination, or merely agrees with it is also unknown. 

Now if in Chaetopterus the entrance point of the spermatozoon 
is a factor in determining the axes, it must be assumed to enter on 
one preferred side that lies in the dorso-ventral axis. On the other 
hand if it is not a factor then its entrance point is not determinative. 
There is some evidence that bears on this point. In 1930 Morgan 
and Tyler studied the relation of the entrance point of the spermato- 
zoon to the location of the first cleavage plane. They did not find a 
very close agreement between the two. “In 48 eggs there was a 
fairly strict coincidence ; in 35 eggs the entrance point was less that 
45° from the plane of the first division. ... In 33 eggs it was more 
than 45 and less than 90 degrees to the right or left. Thus in only 
41 per cent was there a close agreement between the entrance point 
and the cleavage plane”. These observations may not suffice to settle 
the point at issue, but as far as they go they are in favor of the view 
that the spermatozoon is more likely to enter the egg on one side than 
on the other. This would mean that in this respect also there is a 
dorso-ventral predetermination in the constitution of the egg. 

It has been shown by Lillie (1906) that in eggs that have been- 
partially or completely inverted on the centrifuge that the polar lobe 
may contain only the oil or the hyaloplasm at the time of the first 
cleavage. I also have seen occasionally, cases of this sort, and in 
Ilyanassa I have by deliberately inverting the eggs during centrifug- 
ing been able to produce a considerable proportion of such lobes. 
The latter results demonstrate that the formation of the antipolar 
lobe is not a result of a repetition of the normal pattern of the egg, 
but is due to a predetermined region of the egg, and since in the 
case under discussion the interior materials of the lobe may be 
altered by centrifuging it follows that the formation of the lobe is 
concerned with the surface materials or surface structure of the egg. 
This conclusion is in agreement with the results of cutting the egg 
of Chaetopterus in two parts along the true equator. Whitaker and 
Morgan (1930) and Wilson (1929) have reported that the polar half 
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does not then form a lobe when it cleaves, while the antipolar half 
does form a lobe. It is, therefore, more probable that the antipolar 
lobe is a predetermined region of the egg due to a surface peculiarity 
of that region, and not to its contents or to its relation to any special 
configuration of a postulated “ground substance” of the interior of 
the egg that determines the cleavage pattern at this time. 
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1. Introduction 

In the genus Solanum, polyploid plants have hitherto been 
obtained by a number of investigators (Winkler 1916, J^>rgensen 
1928, Lindstrom and Koos 1931, Lindstrom 1932, Lindstrom and 
Humphrey 1933, Noguchi 1933 and others) as adventitious shoots 
developed from the callus tissue that formed on the cut surface of 
stems. In these investigations, the cutting was made either at the 
point of union after grafting the stems of two different species or 
at the ordinary sterns of a species or species hybrids. 

In the following pages, the results of decapitation experiments 
in the writer’s materials, in which chromosomal chimeras were pro- 
duced are reported, together with some other studies in polyploidy 
in this species. 

2, Chromosomal chimeras of diploid and tetraploid 

The material plants were grown in 1934 from seeds in pots with 
soil, and the chromosome number-^ was verified in iron aceto carmine 
to be 12 in haploid. The same number of chromosomes was reported 


1) The material plant for the present study has been cultivated in our 
garden for some years, and is certainly of foreign origin. But, as its exact 
taxonomic name could not be made out here, the herbaria were sent for identifica- 
tion to the Royal Botanic Gardens, Kew, England, who informed us that the 
plant has the closest affinity to Solanum gracile Link, which is of South American 
origin. In the present study this name is provisionally used, although a more 
definite taxonomic position, possibly a new one, might be given to it later. The 
writer wishes to express his cordial thanks to the Royal Botanic Gardens, Kew, 
for their courtesy. 

2) In the present study the chromosomes of PMC were observed exclusively 
in iron aceto carmine, applied to fresh anthers or those fixed with Carnoy’s 
solution and preserved in 70% alcohol. 
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by de Vilmorin and Simonet (1928) in their Solanum^ gracile Link 
material. In the writer’s experiments, the stems were decapitated 
at a point about 10 cm above the ground when the plants were about 
20 cm high. From the callus formed on the cut surface, adventitious 
shoots developed abundantly, and when they formed flower buds the 
chromosomes of PMC were observed for each shoot. 

Thus, about 80 shoots adventitiously developed were examined 
in the late spring of 1934, and in two of them, which were obtained 
respectively from Individuals No. 5 and No. 33, 24 was verified as the 
reduced number. 




In Fig. 1, Ind. No. 5 is shown. This plant, when young, was 
decapitated at point P, and two adventitious buds were formed each 

of which developed to 
a vigorous shoot as 
may be seen in the 
photograph. The PMC 
obtained from shoot 
A, seen at the right in 
the photograph, show- 
ed 24, the tetraploid 
number of chromo- 
somes in heterotypic 
and homotypic meta- 
phases, while those 
from shoot B at the 
left showed 12, the 
diploid number in the 
same stages. 

The shape of the 
leaves and flowers in 
shoots A and B was 
similar, and their size 
differed more or less 
within each shoot. 
Generally speaking, 
however, those in 
shoot A were larger 
and coarser than those in shoot B, and the green colour of the leaves 
was darker in the former than in the latter. Fig. 2 shows the leaves 
and flowers of the largest class from each shoot. In several such 
leaves from both shoots, the size of stomata was measured, and it 
was found larger in shoot A than in shoot B. The average size of 
stomatal apparatus (length of guard cells x their breadth) as 


■P 


Fig. 1. Photograph of Individual No. 5 with a chimeral 
shoot, ca. 1/8 natural size. Photographed in late sum- 
mer 1934. Explanation in text. 
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calculated from 300 stomata was 1269.6 /j? in the former, and 840.4 fr' 
in the latter. The hairs on the leaves and stems were larger in shoot 
A than in shoot B. 

Thus, in shoot A, the sizes of some Oif the organs and cells are 
much larger than those in shoot B. Similar conditions have generally- 
been reported by investigators in other examples of autotetraploidy. 

The formation of 
fruits and seeds in 
shoot A, observed in 
the fall of 1934, was 
much less compared 
with that in shoot B 
and ordinary diploid 
plants, although in the 
shape and size of 
fruits there was no 
clear difference. 

We shall next 
turn to the shoot from 
Ind. No. 33, in which 
24 was verified as the 
reduced number. In 
this shoot, the leaves 

and flowers were rather similar to those of ordinary diploid plants, 
and the tetraploid characteristics that were found in shoot A of Ind. 
No. 5 were not markedly observed in these organs. Its fruits and seeds 
were formed in the fall of 1934 abundantly, contrary to shoot A of 
Ind. No. 5, its fertility apparently being similar to that in ordinary 
diploid plants. 

In the fall of 1934, several branches of shoot A of Ind. No. 5 
and the shoot of Ind. No. 33 in which 24 was found as the reduced 
number, were cut and propagated asexually in soil in pots. These 
were overwintered in a green house, and in the spring of 1935 were 
placed out of doors. Numbers of branches came out from every 
individual during this period, and their PMC were observed in the 
summer of 1935. 

As may be expected, 24 reduced number of chromosomes was 
found in the PMC in 5 plants from shoot A of Ind. No. 5. But, 
quite unexpectedly, 12 was clearly certified in diakinesis, in first and 
second metaphases as the reduced number in some flower buds 
obtained from two other plants derived asexually from shoot A of 
Ind. No. 5, and in one plant from the shoot of Ind. No. 33, in which 
the tetraploid number was found the preceding year. 


Fig. 2. Leaves and flowers of tetraploid and diploid, 
a, tetraploid. b, diploid, ca. 4/5 natural size. 
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In view of these facts, it must be concluded that shoot A of 
Ind. No. 5 and the shoot of Ind. No. 33, from both of which 24 was 
verified in 1934 as the reduced number, were really not the tetraploid 
shoots, but chromosomal chimeras that constituted of both tetraploid 
and diploid tissues. To the modes of their arrangement we shall 
come later. 


3. Pollen formation in diploid and tetraploid 

The pollen formation in the anthers obtained in 1934 from shoots 
A and B of Ind. No. 5 will now be described. In shoot B, 12 was 
shown as the reduced number in the first as well as in the second 
metaphase (Figs. 3, 4). Meiosis proceeded regularly, and usually 
4 microspores were formed from a PMC (Fig. 6), though rarely 
5-6 such were formed owing to 1-2 lagging chromosomes appearing 
larely in first and second anaphase and telophase. The proportion 



Figs. 3-6. 
4, second 
X1700. 


Diploid. 3, first metaphase, 12 bivalents, 
metaphase, 12 chromosomes. Polar views. 
5, tetrad, x 1250. 6, pollen grains, x 700. 


-’XT 

parently the normal 
tetrad was brought 
about, was 97.0% 
(609 in 628). The pro- 
portion of good pollen 
grains was 88.2% 
(7,149 in 8,105), the 
remainder being emp- 
ty or shrunken. Ma- 
ture pollen grains^ of 
normal structure were 
usually provided with 
3, occasionally 2, germ 
pores (Fig. 6), while 
those having 4 were 
not detected. The 
average diameter^) of 
pollen grains of nor- 
mal structure calculat- 
ed from 358 grains 
was 26.2 /f . 


observed in lactic acid. 

either spindle-shaped^ w'TriSilar^a^^^^^ ^ 

the surface of the grain f 

are located. But, if they were obse?vp^i^f ^ where the germ pores 

almost spherical, if the germ pores are see^ above^^^'' b 

under the microscope. Such noLn ^ grain surface 

and their diameter was measured. ^ mowing spherical shape were selected. 
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In tetraploid PMC from shoot A, 24 bivalents were observed 
at first metaphase (Pig. 7), but occasionally certain numbers of 
quadrivalents were observed together with bivalents. In Figs. 8 and 
9, 2 and 6 quadrivalents and respectively 20 and 12 bivalents are 
observed. 

At late metaphase, 1-3 univalent chromosomes were often 
observed away from the equatorial plane. At late anaphase, some 
univalents were often found located at the periphery of the PMC, 
separated from the anaphasic groups of chromosomes (Fig. 10). 
The lagging univalents were almost always found at late anaphase 
and telophase, and were observed split there. 



Figs. 7-11, Tetraploid. 7-9, First metaphase. Polar views. 7, 24 bivalents. 8 , 2 
quadrivalents and 20 bivalents. 9, 6 quadrivalents and 12 bivalents. 10, first late 
anaphase : 2 chromosomes are apart from two main groups of chromosomes. Only 
the chromosomes clearly observable are drawn in main groups. Side view. 11, 
second metaphase, 24 chromosomes. X 1700. 

At telophase, the chromosomes, instead of being arranged in 
two compact groups at the heterotypic poles, were located rather 
loosely in a comparatively larger spaces in the polar regions. Con- 
sequently, some chromosomes located at the periphery of the groups 
occasionally formed later one or more extra nuclei separated from 
the two main telophasic nuclei. The extra nuclei were also formed 
derived from lagging chromosomes. 

At s'ecdhd metaphase, 24 chromosomes were found (Fig. 11). 
But, very frequently a small number of chromosomes appeared 
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separated from the two metaphasic plates, which was probably 
brought about by the irregular distribution of chromosomes in the 
first division. At late anaphase and telophase also, the chromosomes 
separated from the main groups and the laggards were quite often 
observed (Fig. 12). 

Usually 4 groups of chromosomes were found in a PMC at second 
telophase. But in most groups, the chromosomes were distributed 
in comparatively larger spaces and not compactly arranged. And 
a nuclear membrane did not develope surrounding all the chromosomes 
of each group, but the chromosomes located at its periphery or some- 
what away from it, or those which were lagging behind, occasionally 
formed one or more extra nuclei (Fig. 13). 




Figs. 12-15. Tetraploid. 12, second late anaphase : some chromosomes are lagged 
behind or located apart from the main groups of chromosomes in cytoplasm. Side 
view. 13, second telophase showing extra nuclei. X1700. 14, polyspory. xl260. 

15, pollen grains. x700. 

Owing to the foregoing irregularities in chromosome behaviours 
in both divisions, polyspory resulted in almost all PMC (Fig. 14) . 
The proportion of PMC in which polyspory was observed was 96.3% 
(881 in 915), the highest number of microspores formed in a PMC 
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being 13. The proportion of good pollen grains was only 12.8% 
(1,281 in 10,005). The mature pollen grains of normal structures 
were usually provided with 4 germ pores, sometimes 3 and, rarely, 
5 (Fig. 15). Those having 2 germ pores were not met with. Their 
average diameter calculated from 358 grains was 31.9 jn . 

4. Triploid and its pollen formation 

In the spring of 1935, the seeds obtained by open pollination 
from the shoot of Ind. No. 33 in which the tetraploid number of chro- 
mosomes was observed in 1934, were sawn and the young plants that 
emerged decapitated. In one individual, only an adventitious shoot 
had formed showing tetraploid characteristics in the external 
characters of the leaves and flowers. The tetraploid number 24 was 
also observed in their PMC. It is not certain, however, whether the 
shoot of this individual had formed adventitiously on the tetraploid 
plant without duplication of chromosomes, or whether it had formed 
on the diploid plant as a tetraploid shoot in which the chromosomes 
were doubled. Both these possibilities may be conceivable in view 
of the constitutional nature of the shoot of Ind. No. 33, from which 
this individual was derived. 

This individual was overwintered in a green house, and many 
branches came out until the summer of 1936. A number of chromo- 
some countings were made on different branches, and the tetraploid 
number 24 was always detected as far as the observation up to 
present is concerned. This plant may probably be a true tetraploid. 

In 1935, this individual was used as the maternal plant and the 
pollen of diploid plants was pollinated, and four Fi plants were 
obtained together with several offsprings in which 24, the tetraploid 
number was observed.^) In Fi the external characters of the leaves 
and flowers and the size of stomata were mainly intermediate between 
diploid and tetraploid. 

The chromosome number of Fi should be 36 in a somatic count. 
In the first meiotic metaphase of the PMC, 12 trivalents were some- 
times clearly observed (Fig. 16), but more frequently, different 
numbers of bivalent and univalent chromosomes were observed to- 
gether with trivalents. These three kinds of chromosomes were 
distinguishable in many cases from each other by their size. In Fig. 
17, 10 trivalents, 2 bivalents and 2 univalents are observable, while 
in Fig. 18, 3 trivalents, 9 bivalents and 9 univalents are shown. 


1) As to the cause of the foriuation of tetz'aploid progeny, which was not 
the self fertilization in the mother plant, we hope to deal with it in a following 
opportunity. 
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At the first anaphase, the components of trivalents passed on 
to poles as univalents, but some bivalents which were made probably 
of the two component univalents of trivalents were also observed on 
their way to the poles. In Fig. 19, which is a polar view of this stage, 
1 bivalent plus 12 univalents and 2 bivalents plus 18 univalents are 
observed on different optical planes passing to poles. The numbers 
of chromosome elements going to a pole that were counted in polar 
views of first anaphase were 12-19. At first telophase 1-4 univalent 
chromosomes were frequently found lagging behind and split there. 

At the second metaphase, 12-18 chromosomes were observed 
(Fig. 20), and occasionally some of the chromosomes were located 
separated from the main metaphasic groups. At the second late telo- 
phase, we frequently found extra nuclei derived from some chromo- 
somes that were lagging behind or were located away from the main 






Pigs, 16-23. Triploid. 16-18, first metaphase. Polar views. 16, 12 trivalents. 17, 
10 trivalents, 2 bivalents and 2 univalents, 18, 3 trivalents, 9 bivalents and 9 univa- 
^nts. 19, first anaphase. Polar view. 20, second metaphase with 18 chromosomes. 
Polar view. 21, second telophase, extra nuclei. Xl700. 22, polyspory. xl250. 2.3, 

pollen grains. x700. 
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telophasic groups of chromosomes (Fig. 21). So that polyspory re- 
sulted in the majority of PMC (Fig. 22) , the highest number of micro- 
spores formed in a PMC being 11. The proportion of PMC showing 
polyspory was 92.4% (501 in 542). Dyad cells were never met with 
at tetrad stage. 

The majority of pollen grains were empty and shrunken, and 
the proportion of good pollen grains was 13.0% (1,447 in 11,166). 
The normally developed pollen grains were provided with 3-4 germ 
pores (Fig. 23), a number intermediate between those observed in 
diploid and tetraploid. Pollen grains showing 2 or 6 germ pores were 
not detected. The average size of normally developed pollen grains 
calculated from 368 grains was 27.7 in diameter, a size intermediate 
between those of diploid and tetraploid. 

5. Discussion 

In the decapitation experiments hitherto reported by investi- 
gators, either the diploid or the tetraploid number of chromosomes 
was, or seems to have been, exclusively found in an adventitious shoot 
developed from the callus tissue on the cut surface. Some, however, 
have reported the examples in which the organs of diploid aspects 
appeared in a tetraploid shoot formed in this way, although a chromo- 
some counting in such regions that showed a diploid nature was not 
made. 

Winkler (1916) obtained tetraploid individuals of Solanum 
nigrum, that were asexually derived from adventitious shoots deve- 
loped from the callus tissue on a cut surface, made at the point of 
union after grafting the stems of S. Lycopersicum and S. nigrum. 
He observed in such tetraploid S', nigrum that, in certain leaves there 
appeared the shape, colour and anatomical structures that were 
characteristic of diploid S. nigrum, from which he inferred that the 
diploid cells were contained in such leaves, although the chromosome 
number in them was not observed. He further considered that the 
reduction in chromosome number might have occurred in the original 
somatic cells, and that by the diploid cells derived from these cells 
such diploid regions were formed. He considered it possible that a 
part of a flower, an anther for example, may become diploid and 
produce pollen grains containing the haploid number of chromosomes. 

According to Jjirgensen (1928), a triploid tomato shoot was 
formed as a somatic sport on a plant that was regarded from its 
morphological aspects to be diploid, though on its formative cause 
no conclusion was made. In this connection, a possibility was stated 
that, trinucleate somatic cells may be formed in a diploid plant result- 
ing in hexaploid somatic cells, and that the triploid cells may be 
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formed through reduction of chromosome number occurring in such 
cells, from which a triploid shoot may be derived. 

Jorgensen (1928) obtained in S. nigfU'iTi by the method of 
decapitation a periclinal chimera of diploid and tetraploid tissues, 
together with tetraploid plants. It was reported that in this chimera, 
the diploid core was covered by at least two layers of tetraploid skins, 
although the precise descriptions of this chimera, especially of its 
chromosomes, were not given. He also pointed out the possibility of 
the formation of chromosomal chimera in tomatoes. Lindstrom and 
Koos (1931) also obtained through the decapitation method applied 
to diploid plants, some tomato plants that were apparently sectorial 
chimeras of diploid and tetraploid tissues, although the chromosomes 
were not examined. 

It seems quite natural that the growing point of an adventitious 
shoot developing from the callus may consist of diploid and tetra- 
ploid tissues, located side by side sectorially, or arranged periclinally, 
or mixed together in a complex manner. The cases of adventitious 
shoots formed by tetraploid cells alone might be special occurrences.’) 

A discussion of reduction of chromosome number in somatic cells, 
which may play a certain role in the formation of chromosomal 
chimeras, is outside the purpose of the present paper. However, the 
appearance of diploid tissues or organs in the so-called tetraploid 
shoots might naturally be expected if such shoots were not really the 
tetraploid, but of the chimeral nature developed adventitiously from 
diploid and tetraploid cells in the callus. 

In the late spring of 1934 when the plants were young and small, 
shoot A of Ind. No. 5 showed in their leaves and flowers morphological 
characteristics of tetraploid plants, while in the shoot of Ind. No. 33 
in which 24 was found as the reduced number, the leaves and flowers 
were rather similar to those of the diploid plants, in marked contrast 
to shoot A of Ind. No. 5. This seemed odd at that time. In this 
connection, it might be supposed that, the leaves and flowers of shoot 


1) In our laboratory, the analogous chimera shoots were obtained in this 
plant S', gracile Link by S. Sakamoto and Y. Araki during the years 1936-1936 
(unpublished). In the spring 1935, several adventitious shoots of tetraploid 
outlook were obtained, by the decapitation callus method, on diploid stocks, 
and 24 the tetraploid number of chromosomes was observed in PMC from each 
of these shoots. These plants were overwintered in a greenhouse without being 
propagated by cutting, and in the summer of 1936, the chromosomes were again 
observed in PMC from the same shoots. In two shoots, on different stocks, the 
tetraploid number was exclusively found in a number of countings, while in 
one other plant 12 the diploid number was counted in 9 flower buds obtained 
from different positions on the shoot, in which the tetraploid number was 
detected the preceding year. This shoot must evidently be a chromosomal 
chimera. 
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A of Ind. No. 5 were formed at that period mostly of the tetraploid 
tissue, while the diploid tissue was not yet properly developed, though 
such was contained in some parts of the shoot. On the other hand, 
the shoot of Ind. No. 33 from which the tetraploid number was 
ascertained might have possibly been constituted at that time as a 
periclinal chimera, the subepidermal layer of which was made of the 
tetraploid cells. In periclinal chimeras the external characters may 
be more or less intermediate between tetraploid and diploid. 

In the case of an adventitious shoot that started from the callus 
tissue on the decapitated surface, it is possible that the diploid and 
the tetraploid tissues are arranged in various ways, sectorially, 
periclinally, or in some other complex manner. It is also probable 
that the modes of arrangement of different kinds of tissues change 
in some branches or branchlets during cultivation for long periods. 
J^irgensen and Crane (1927) obtained a number of Solanum chimeras 
as the adventitious shoots started from the callus tissue on a cut 
surface, that was made at the point of union after giafting the stems 
of two different species. According to these authors, the periclinal 
chimeras which were obtained in this way, and which were constituted 
of two kinds of tissues from different species, produced pure shoots 
constituted exclusively of either one or the other kind of the com- 
ponent tissues, when propagated asexually and during cultivation for 
two years. 

The fertility in the shoot of Ind. No. 33 which showed the tetra- 
ploid number at late spring in 1934, was much higher than that in 
shoot A of Ind. No. 5, at the fall of the same year. It is possible that 
in this individual, the diploid branches or the chimeral branches hav- 
ing diploid cells in the subepidermal layer, grew abundantly after the 
chromosomes were examined, resulting in greater fertility, which was 
owing to the regular meiosis in diploid PMC and the subsecxuent 
formation of good pollen grains. 

In the branches or branchlets, from which the PMC showing the 
diploid number was detected in 1935, the subepidermal layer must 
naturally have been composed of diploid cells, although the branches 
or branchlets themselves might have been constituted exclusively of 
diploid cells or of diploid and tetraploid cells in chimeral arrange- 
ment of different modes. 

In order to ascertain how the branches or branchlets of different 
chromosome contents were distributed in a plant in 1935, it might be 
useful to compare the external characters of the leaves and flowers. 
But, unfortunately this was not possible, as the plants grew poorly 
and were stunted, which w'as largely the result of lack of sufficient 
temperature and illumination in the green house, malnutrition in 
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small pots, and frequent spraying of insecticides. Ind. No. 5 itself 
was also overwintered under the same conditions, and later placed 
outdoors in 1935. And its .shoots A and B did not show, owing mainly 
to the same reasons, any distinct difference in the characters of leaves 
and flowers in the green house and outdoors in 1935, although it was 
clearly observed the preceding year. 

In view of the foregoing results, we can not always regard the 
adventitious shoots with large flowers and large and dark green leaves 
as true tetraploid plants, even should the meiosis in some anthers 
obtained from such shoots show the tetraploid number of chromo- 
somes. On the other hand, if a plant growm from seed w^hich had 
formed on such adventitious shoot show^s the tetraploid number of 
chromosomes, it may then be concluded that it is a real tetraploid 
plant. This must be noticed in the course of genetical and breeding 
works which may be undertaken in connection with the decapitation 
callus method. 

6. Summary 

1) In Solanum gracile Link, the chromosomal chimeras com- 
posed of diploid (n = 12) and tetraploid (n = 24) tissues were 
obtained by the decapitation callus method applied to diploid plants, 
and the occurrence of such chimeras and the modes of arrangement 
of the two kinds of tissues were discussed. 

2) Triploid plants were obtained by crossing an individual, 
which was probably a true tetraploid, with the pollen of diploid plants. 
In tetraploid and triploid, the course of pollen formation resulting 
in a high degree of pollen abortion v/as studied. 

Sept. 1936, Utsunomiya Agricultural College 
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Correspondences Between Linkage Maps and Salivary Chromosome 
Structure, as Illustrated in the Tip of Chromosome 2R 
of Drosophila melamgaster 

By 

Calvin B. Bridges 

Carnegie Institution of Washington, and the Wm. G. Kerckhoff 
Biological Laboratories, California Institute of Technology, 

Pasadena, California 

Introduction 

During the past two years the emphasis in the Drosophila work 
on the structure and workings of the germ plasm has shifted from 
analysis by breeding methods to analysis by microscopical observa- 
tions. Before the importance of the salivary chromosomes was 
pointed out by Painter (Painter 1933), more could be learned about 
the distribution and behavior of chromosomes and about their internal 
differentiation by “counting flies” than by looking at the germ cells 
themselves. Genetical analysis, through studies of mutation, linkage 
relations and of aberrations such as non-disjunction, inversion, 
deficiency and translocation, forged far ahead of the checking that 
was done through examination of the tiny metaphase chromosomes. 
But it must not be forgotten that it was this sound foundation, with 
the establishment of the serial order of the genes within the several 
chromosomes and with an approximation to their real positions in 
those chromosomes, that gave instant meaning to the seriation of 
bands along the salivary chromosomes. 

The standard maps of the normal salivary chromosomes (Painter 
1934, 1935; Bridges 1935) have been indispensable in analyzing the 
interrelations between the chromosome sub-structures and the linkage 
maps. But, although correct so far as they go and satisfactory for 
general orientation, they are inadequate for the precision needed for 
close point-to-point homologies. A revision of the salivary maps is 
now under way which will show approximately half again as many 
bands and will represent more correctly their relative intensities, 
individual characteristics and their nearly universal appearance in 
pairs as “doublets”. 

The correspondences between the cross-banding, the structural 
features and the distances along salivary chromosomes with the loci, 
regions and distances, along the linkage maps have been studied in 
detail by use of the right end of chromosome 2R of Drosophila melano- 
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gaster. Homologous regions and points in the two seriations of loci 
and banding have been established and local differences and peculiari- 
ties in the frequencies both of crossing-over and of mutation have 
been demonstrated. The interconnections have been found through 
study of the breakage points of five inversions, two translocations and 
four deficiencies all having one or both breaks within the short sec- 
tion from near the locus of “humpy” to the tip of 2R, In this same 
region several other aberrations are known and when they also have 
been analyzed the correspondences should be still finer in grain. 

The loci of mutations and their spacing on 
the linkage map 

Linkage maps are constructed from genetical data on the frequ- 
encies of recombination when two or more pairs of alternative 
characters are involved in the same cross — preferably the “back- 
cross” or “test-cross”. The test-cross is the type of mating in which 
a multiple heterozygote is crossed to the corresponding multiple 
recessive, and is so called because the progeny are in classes which are 
a direct replica (aside from differential mortality) of the gametic 
series of the heterozygous parent. For example, if the recessive 
brown eye is crossed to the recessive speck and the ^ild-type doubly 
heterozygous female (bw +/+ sp) is tested by the double recessive 
bw sp male the test-cross progeny are found (averages of many trials) 
to be: bw = 48.75%, sp = 48.75%, bw sp = 1.25% and wild-type = 
1,25%;. The new combinations total 2.5% . Recombination of linked 
characters is brought about by crossing-over of the chromosome 
threads at some point between the loci of the two mutants. Hence for 
each recombination one crossover must have occurred. But if the 
loci are far apart two separate crossovers may occur between them 
and the second would restore the original combination. Thus, for 
short intervals percentages of recombination are directly equal to 
cases of crossing over per average hundred gametes tested, but for 
longer intervals a table of experimentally determined multiple cross- 
ing-over frequencies is needed to convert recombination percentages 
into crossing-over units or linkage-map distances. 

In the upper line of Figure 1 is given the linkage map of the . ex- 
treme right end of chromosome 2R. This map is revised according 
to the latest information derived from much unpublished work. These 
mutants are briefly described below, in alphabetical order of the 
symbols of the loci, giving symbol, locus name, flnder, date of dis- 
covery, chromosome and locus reference to publications and figures, 
facts concerning origin, description of phenotype and associated 
characteristics. Finally is given a valuation or “Rank” designation, 



1937 Correspondences between linkage maps and salivary chromosome etc. 747 

RK 1 denoting the most useful loci, RK 2 those nearly as good, RK 3 
good mutants not accurately mapped, RK4 poor mutant phenotypes 
and RK5 poor phenotypes not accurately mapped. The mutants 
Minute-1- and Minute-33a were found and located by Dr. J. Schultz, 
who also determined that the locus of minus is to the right of brown. 

a— are. C. B. Bridges, May 24, T2. 2-99.2. Pub. Bridges and Morgan 

1919; fig. 4, plate 7. Wings broader, bent downward in slight even 
arc and edges drawn down to diamond shape. Crossveins closer together 
(ratio crossvein length : inter-cv dist. = 1 : 1.9). Classification perfect 
after practice. RK2. 

abb— abbreviated. C. B. Bridges, Apr. 6, ’28. 2-105.5. Unpublished. 

Macrochaetae smaller, especially posterior scutellars. Hatches slightly 
later than normal. Viability only slightly reduced. Classification hard 
and uncertain in early hatches, improves with age of culture. Three 
intensifiers found, of which “shrunken” (2-2.3) confers perfect classifi- 
cation. RK4; with shr, RK 2. 

ba— balloon. T. H. Morgan, Nov. ’10. 2-107.4. Pub. Bridges and Morgan 
1919; fig. 1, plate 7. Wings at first inflated with blood, leaving blisters 
and vesicles. Venation weak; straggly, plexus-like. Wings smaller, 
warped, discolored, divergent. Sensitive to temperature: above 25° RK 4; 
19° or below, classification easy, RK2; ba/Px, below 19°, RK 2. 
bs— blistered. C. B. Bridges, Nov. 16 ’ll. 2-107.3. Pub. Bridges and 
Morgan 1919; text-fig. 74. Wings blistered, smaller, pointed. Venation 
thicker, plexus-like, especially branches from and parallel to L5 beyond 
CV2, semidominant “free-vein effect” here. Eye-color softened. Sensi- 
tive to temp.: at 25° RK4; at 19° and below, RK 2. (More extreme 
allel = bs^ C. B. Bridges, Nov. 24, ’25. RK2; bs“/Px below 19°, RKl.) 

hw-brown. G. H. M. Waaler, Oct. 15, ’19. 2-105.0. Pub. 1921. Eye-color 
light brownish pink, brilliant and translucent. Testes colorless. 
Malphigian tubules nearly colorless (.‘. classifiable in larvae). Reoccurs 
with quite high frequency; also numerous allels. RK 1. 
hy— humpy. C. B. Bridges, Oct. 22, ’18. 2-93.3. Unpublished. Thorax 

strongly ridged, with “commas” at front and 2 pairs deep vortices. 
Wings obliquely truncated to half length. Highly sterile in both sexes. 
Viability low and erratic. Classification easy (but px no good in hy). 
RK 2 (location strategic). 

11— lanceolate. C. B. Bridges, Apr. 3, ’23. 2— 106.7± (order of 11 and mr 

not determined). Unpublished. Wings narrowed at the tip and slightly 
divergent. RK 4. (More extreme allel = IP, C. B. Bridges, Apr. 25, 
’23; RK2). 

INS— lethal-Nova Scotia. C. B. Bridges, Oct. 31, ’25. 2—107.0 — to right of 

12ax, to left of sp). Unpublished. Lethal in larval stage at 2 mm 
length, by weak and abnormal development of trachae and other chiti- 
nized parts. Present only in Inversion-Nova Scotia px sp stock. RK 4. 

12ax— ■ (lx) — lethal-2ax. C. B. Bridges, Feb. 28, ’19. 2-106.9. Unpublished. 

Lethal in very early larva stage. RK 4, 

M33a— (M33) — Minute-33a. J. Schultz, Jan. 7, ’33. 2-108.0. Unpublished. 

From X-rayed cT . Minute-bristles of “slight” type, with excellent 
viability, fertility and claasifiability. Horn. = lethal. (Originally called 
M115). RKl. Salivary analysis by Bridges shows deficiency of six 
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lines, starting to right of heavy doublet 60 E 1 and ending to left of 
diffuse doublet which is the last line of subsection 60 E. 

Mc-Minute-c. A. H. Sturtevant, Jan. 7, ’20. 2-107.0±. Unpublished. A 

rather extreme “minute-bristle” type. Lost. 

MP— Minute-P. J. Schultz, Jan. 7, ’26. 2-101.2, Unpublished. Minute- 

bristles of slight type, with excellent viability, fertility and classifiabili- 
ty. Horn. =: lethal. Not deficient for any known gene. RK 2. (In some 
relations RKl) Salivary banding not detectedly abnormal. 

mi~ minus, R. L. Biddle, Dec. ’28. 2-104.7. Unpublished. Bristles nearly 
as small as hairs. Hairs smaller and fewer. Body size very small. 
Emergence delayed. Viability low and erratic. Females entirely sterile, 
males fertile. RK 2-RK 4. 

mr— morula. C. B. Bridges, Mar. 8, ’13. 2-106.7 (11-mr order undetermined) . 
Pub, Bridges and Morgan 1919; plate 10, figs, 3a and 3b. Eye rough. 
Bristles irregularly reduced in size and number. Abdominal sclerites 
smaller. Females entirely sterile, with undeveloped ovaries. RK 2. 
(mr-, less extreme allel, C. B. Bridges, Nov. 24, ’25). 

pd— purpleoid. C. B. Bridges, Aug. 31, ’16. 2-106.4. Unpublished. Eye- 
color dark pink or maroon; like “purple” but less extreme. Semi- 
dominant, giving softening of eye color. Separation of hom, from het. 
by lighter orange “fleck”. RK 2. 

pkh— pinkish, C. B. Bridges, July 27, ’14. 2-106±5. Pub. Jour. Exp. Zool. 
28:337-384. Specific dilutor of w-eosin. RK 4. Lost. 

px— plexus. C. B. Bridges, Aug. 20, ’14. 2-100.5. Pub. Bridges and Morgan 
1919: text-fig, 80. Venation network of extra veins, especially toward 
tip and margin of wing. One of the most useful of the second-chromo- 
some characters. RK 1. 

sp— speck. T. H. Morgan, March ’10. 2-107.0. Pub. Bridges and Morgan 
1919; text-figs, 73a, 73b, 75b, plate 5, figs. 1, 2. Intense black speck 
in axil of wing. Body color darker, “olive”. Best character in right 
end of 2. RKl. (More intense allel sp-; C. B. Bridges, June ’25; 
RKl). 


The banding of the salivary chromosomes 

That the salivary chromosomes are differentiated along their 
lengths by a succession of crossbands is well known. In aceto-carmine 
preparations the chromosome presents the picture of a faintly stain- 
ing cylinder with strongly staining crossbands. The crossbands differ 
from each other markedly in intensity of stain, in the width of the 
bands, and also in character as a solid cross line or as a line broken 
into segments or dots. Most lines are sharply defined and hard- 
edged, while some are diffuse and hazy of outline. In any given place 
in each chromosome the set of bands is characteristic and constant. 
However, different treatments in making the preparations (such as 
variation in the amount of iron, and differences in the length of stain- 
ing and quality of the carmine itself) cause the relative intensities to 
appear somewhat different from preparation to preparation. 
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That the chromosome is differentiated into two distinct sub- 
stances is plain, not only from the staining or non-staining of specific 
points but from differences in refractive index of these same parts, 
whereby in fresh cells the same succession of high-refractive cross 
bands and low-refractive matrix, or substance between bands, can 
be seen. Also, under mechanical stress the dark-staining, highly re- 
fractive bands reveal themselves as solid, inelastic and disc-like, while 
the material between bands is very elastic — drawing out to at least 
three times its lax length without apparent disruptive change in its 
structure. Finally, the Fuelgen reaction shows that the solid, in- 
elastic, highly refractive, darkly staining cross bands are highly 
charged with nucleic acid while the inter-band regions are relatively 
free of nucleic acid. 

Intensive microscopical study of the banding has given us maps 
of the characteristic banding throughout the chromosomes (Painter 
1934, 1935; Bridges 1935). In the bottom of Fig. 1 is given a map 
for the extreme right end of chromosome 2E — corresponding to the 
part whose linkage map has already been described. This map is 
revised from that given in Bridges 1935 by a more complete presenta- 
tion of the faint bands and by a more accurate representation of 
the specific characteristics of all bands. 

The division of many crossbands into dots or segments is an 
expression of the multiple structure of the giant chromosome as a 
bundle of chromonemal threads derived through successive divisions 
of the original threads contributed by the gametes. Usually 16 of 
these granules can be seen in the bands of Drosophila melanogaster 
“diploid” chromosomes. Where fewer can be seen it is believed the 
threads are nevertheless divided but are still adherent by virtue of 
the synaptic action of the homologous parts of the threads. Because 
of this property of continued synaptic adhesion it may very well be 
that the visual number of threads is much lower than the actual 
number, very possibly 256 per haploid strand, as suggested by 
Hertwig (G. Hertwig 1935). 

It would seem that there is a special class of bands (illustrated 
by 60E1) that is characterized by greater intensity than the majority 
of bands. Generally these “heavy” bands are clearly doublets, of 
which both lines have the same high intensity (illustrated by 60D1) . 
They also often form “capsules” by union at their edges, with a clear 
space between (58A, 59E) . But even the medium and faint lines seem 
to be clearly doublets in the great majority of cases (60A) . What 
the significance of this predominant feature of- the banding may be, 
is problematical. It could be a primary characteristic of band (and 
gene) structure or it Could be a secondary doubled condition, brought 
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As pointed out before (Bridges 1935) there are sections of the 
chromosomes which in appearance are duplicates of other sections. 
In 56F and 57B are short groups of heavy bands which seem to be 
symmetrical reversed “repeats,” that is, to consist of the same bands 
extending in both directions from a central point of symmetry. 
Furthermore it would seem that these two heavy groups are them- 
selves repeats of each other — that the center of symmetry of this 
longer reversed repeat is in 57A. Another region suggestive of re- 
versed repetition is in 58E-F. 

Sections 58E and F show another characteristic peculiarity — 
namely, they often are converted into a much sw'ollen light-staining 
“puff” in which the banding is very hard to see. The light region 
in the rounded tip of the chromosome (in 60E) also tends in this 
direction. Thus, sections of the chromosome show variations in the 
matrix or back-ground structure, as well as in the banding itself. 

The chromosomal aberrations and their use in homolo- 
gyzing the linkage with the salivary maps 

The most useful category of aberrations for homologyzing the 
two kinds of chromosome maps is deficiencies — ^the loss of a section 
of genes. The location of the deficiency on the linkage map can be 
found by the ordinary linkage tests, since the heterozygous deficiency 
usually gives somatic alterations constituting a dominant phenotype. 
Thus, the locus of the deficiency giving rise to “plexate” venation 
can be located as at a point some 2.4 units to the right of the locus 
brown and near the extreme tip of 2R. It has been found that defi- 
ciencies give relatively very little alteration in the crossing-over 
frequencies and hence the linkage tests are in themselves very useful 
when properly interpreted. But for deficiencies there is another and 
very exact method of location, namely, the pseudo-dominance test for 
included loci. To illustrate this : the cross of Plexate by brown gives 
equal numbers of Plexate and of wild-type offspring, showing no 
pseudo-dominance of brown in the Plexate flies, but the cross of 
Plexate to speck yields wild-type offspring and Plexate offspring 
which also show speck. Since speck is a strict recessive this pseudo- 
dominance means that the deficiency has removed the wild-type allel 
of speck and that in Plexate flies the character speck is manifest for 
the same reason that the character yellow shows in the male with 
its single X-chromosome. With Plexate not only speck but also 
blistered and balloon and a lethal (INS) prove to be included in the 
deficiency. Thus, a section of the map from 106.9 to 107.5 and in- 
cluding 4 loci is known to correspond to the deficiency. Examina- 
tion of the salivary gland chromosomes of the Plexate heterozygote 
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shows that a section of about a dozen cross lines (counting doublets 
as 2) is absent. This section extends from line 60B7 (see lower line 
of Fig. 1) to the right of line 60D1. The break at the right end of 
the deficiency passes between the two equal lines of the heavy doublet. 
This fact shows that the parts of heavy doublets can have independent 
existence and hence can be each a gene. 

The other deficiencies studied similarly were Plexate^, Minute- 
33a and two deficiencies derived from translocations, viz. the defi- 
ciency from T (2-3) -Pale and from T (1-2) -Blond. The limits of these 
deficiencies on the genetic and on the salivary map are indicated in 
Fig. 1. The dominant Minute-P, which had been suspected of being 
a deficiency, has not thus far been found to have any bands missing. 

The inversions do not offer very favorable material for homo- 
logizing the two maps, because crossing-over is so reduced in the 
presence of a heterozygous inversion that it is very difficult to deter- 
mine where the break comes in the linkage map. But the establish- 
ment of the breakage point in the salivary chromosome is easy. Two 
of the first-found inversions have break-points in this region of 2R, 
namely In (2R) -Nova Scotia and In (2R) -Curly. The salivary studies 
by Bridges and Li (unpublished) have shown these points to be as 
indicated in Fig. 1. 

Schultz has studied the break-points of inversions associated 
with three of the variegated-brown dominants, namely, bw'^^ (“Plum” 
of Muller) and two brown- variegates found by Demerec in the 
progeny of X-rayed flies. The locations of these breaks in the salivary 
map are given by Schultz in the lower line of Fig. 1. The breaks of 
these three inversions (In-bw^i has not as yet been closely determined) 
come in a narrow region in 59 D-E. The brown- variegates from 
Demerec enable the locus of minus to be placed to the right of brown 
and in the heavy capsular doublet in 59E. 

For the loci INS, sp, bs and ba, the limits within which the given 
gene must lie are determined with fairly high accuracy and narrow 
range. 

Coefficients of crossing-over 

Comparison of the relative positions of given break-points in the 
two series shows clearly that the seriation is the same in both. How- 
ever, the relative spacings vary somewhat according to the particular 
region. The studies of Painter and Bridges showed that the over-all 
lengths of the different salivary strands (X, 2L, 2R, 3L, 3R and 4) 
are closely proportional to the lengths of the corresponding linkage 
maps. We may define as the “normal” ratio of crossing-over this 
ratio of lengths of linkage maps to lengths of salivary chromosomes. 
The maps total 66, 108, 105 and 0.2 units, or approximately 279 units. 
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The salivary strands total 1180 (Bridges 1935). Hence the 
“normal” ratio is 1180/279 = 4.2 per unit of map distance. Any 
section of chromosome can be said to have the normal coefficient of 
crossing-over (one) if it has 4.2 of salivary map (as measured off 
on the maps of Bridges 1935) to one unit of crossing-over. 

Regional differences in coefficient of crossing-over are strikingly 
apparent when 2R is examined, and are seen in the tip region. Thus, 
the map distance from px to M33a is 7.5 units, corresponding to 
18.5 . The ratio of crossing-over is thus 2.5 jn per unit of crossing- 

over, and the coefficient of crossing-over (4.2/2.4) is 1.7. That is, in 
this tip region, crossing-over is approximately 70% freer than in 
the set of chromosomes as a whole. 

There are also local differences within this tip region. Thus, the 
px-bw map distance is 4.0 units, corresponding to 1 jn , giving a ratio 
of 1 unit 1.75 ,u and a very high coefficient of 2.4. 

Coefficients of mutation 

A striking feature of the linkage maps is the bunching of mutant 
loci in certain regions, coupled with the occurrence of long stretches 
elsewhere relatively free from mutant loci. In the past such local 
differences have been explained by appeal to local differences in ease 
of crossing-over — for example, by the assumption of a low coefficient 
of crossing-over for the regions near the middle of chromosomes 2 
and 3. The salivary technique offers a better check on this than did 
the metaphase groups and it is seen that part of this non-random 
grouping is indeed due to differences in coefficient of crossing-over. 
However, the dense group of mutant loci at the end of 2R would be 
explained by an exceptionally low coefficient of crossing-over for that 
region, while we have just seen that the contrary is true — that for 
this tip region from px to M33a crossing-over is about 70 above 
standard. 

Another variable must be appealed to, namely the coefficient of 
mutation. It was only through such salivary studies as the present 
one that accurate enough information on the localization of mutants 
in the actual chromosome has been obtained to make it . certain that 
regional differences in mutability exist. In Fig. 1, it can be seen 
that from the locus of humpy to plexus, is 7.2 units of map distance, 
corresponding to about 19 of chromosome. Similarly, from px to 
M33a is 7.5 units of map distance corresponding to 18.5 n . That is, 
the coefficients of crossing-over in these two sections are substantially 
equal (1.6 and 1.7). But, in the first section are only three mutant 
loci, while in the second are 15. Since the included lengths of chro- 
mosome (together with numbers of crossbands) in these two sec- 
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tions are substantially equal, we must attribute this striking dif- 
ference to a mutability of genes approximately five times as high 
in the second section as in the first. A standard coefficient of 
mutability may be taken as the total of mutant loci divided into the ? 

total length of chromosomes. According to the latest revision of maps 
by Bridges (DIS-3 :21-26) the number of loci of working mutants 
(probably proportional to the totals of all mutants) is about 280. 

Hence the standard incidence of detected workable mutations is 
at present 1 mutant locus per 4.2 /< of salivary length. The ratio 
of mutants to salivary length in the hy-px section is 3:19 or 1:6.3, 
and in the px-M33a section is 15 :18.5 or 1 :1.2. That is, in the hy-px ’ 

section mutability is about 0.67 x standard, while in the px-M33a 
section it is 3.5 x standard. 

It should be noted that the coefficient of mutation varies indepen- 
dently from the coefficient of crossing-over. This is readily seen in 
the two sections just compared, having the same somewhat high co- 
efficient of crossing-over but very different coefficients of mutation — 
one somewhat lower than normal and the other much higher. 
Furthermore, the data on which the two measures are based are 
different in nature — one depending on frequencies of crossing-over 
between given points and the other on merely the numbers of mutant 
loci between points. I 



The interpretation of a low coefficient of detected mutation 
as a high frequency of duplications or “repeats” 

That the genes of a particular large section of chromosome should 
differ intrinsically in respect to mutability from those of the general 
group seems less likely than that secondary effects of some kind are 
present making regional differences. A regional factor which may 
very well account for most of the differences detected in the tip of 
2R is the prevalence of duplications (“repeats”) present in the normal 
chromosomes. The basal half of 2L is very rich indeed with such 
duplications, and is also low in coefficient of mutation, considering 
that the locus of black is (according to unpublished data of Painter) 
at a point roughly one-third of the distance out toward the tip of 
2L. If the genes of a given short section are present in another place 
in the group (either immediately adjacent or elsewhere in the same 
chromosome or in a different chormosome) then this duplication 
serves as a buffer against the manifestation of recessive mutants with 
loci in the given section. A recessive has to occur not only in that 
section but also in the duplication before it can be manifest. Hence 
any region rich in sections duplicated elsewhere will have a low co- 
efficient of mutation. Even the incidence of dominants should be 
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lowered, since in normal diploids many dominants give somatic effects 
only slightly above the threshold of detection and since the class of 
dominants from deficiencies would be reduced or absent. Observa- 
tionally there seems to be a “reversed repeat”, extending from the 
beginning of 56F into the middle of 57B,., and another in the puff of 
58E. 
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Microsporogeiiesis in Diploid and Triploid Types of Liltum tigrimm 
with Special References to Abortions 

By 

Clyde Chandler, W. M. Porterfield, and A. B. Stout 

The several clones of Lilium tigrinum in general cultivation are 
known to have a somatic number of 36 chromosomes (Takenaka and 
Nagamatsu, 1930; Mather, 1935). The diploid number characteristic 
of other species of Lilium is 24 (See especially Strasburger, 1882; 
Guignard, 1884; Coulter, Chamberlain, and Schaifner, 1897; Allen, 
1904; Sato, 1932; and Mather, 1935) and recently certain plants 
to be classed as Lilium tigrinum have come from Japan into culture 
in America which have a somatic number of 24 chromosomes (Stout, 
1933). Sato (1932) mentions “wild” plants of L. tigrinum which 
produce seed but does not report that these or the seedlings grown 
are diploid. The several clones of Lilium tigrimm in culture which 
have a somatic number of 36 chromosomes are presumably auto- 
triploid and closely related in respect to origin. 

Plants of the diploid type are smaller in stature than are the 
triploids; the flowers are smaller, their segments are narrower, and 
the spots on the petals and sepals are, as a rule, smaller. The pollen 
produced is highly viable and the various plants reared from seed 
are highly productive of seed when there is compatibility either in 
selfing or in cross-relations. 

The triploid clones produce few pollen grains that are viable and 
in addition there is complete incompatibility for all intra-clonal and 
inter-clonal pollinations. There are then two distinct types of sterility 
in the members of the species Lilium tigrinum: (1) there are 
physiological incompatibilities in fertilization and (2) there are the 
abortions of spores which are frequent in the triploid clones. 

The studies here reported are especially concerned with the 
various critical stages in the microsporogenesis of triploids with 
reference to the abortions which develop. Some comparisons are 
made with the various corresponding stages of microsporogenesis in 
diploid plants. 

Material and Methods 

Flower buds were collected from both the diploid and the triploid 
forms of L. tigrinum. Temporary aceto-carmine preparations were 
made from each bud. If the Pollen Mother Cells (P.M.C.) were at 
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the desired state of meiosis two of the remaining anthers were placed 
in some killing and fixing solution as Allen’s modification of Bonin’s, 
Flemming’s medium, Carnoy’s, or chrom-acetic. These were run 
through the paraffin method, embedded, sectioned on a microtome 
24-30 thick, and stained with crystal violet, Heidenhain’s haema- 
toxylin, Flemming’s triple, or Feulgen’s. The other two anthers from 
the flower bud were placed in a solution of 100 c.c. glacial acetic 
+200 c.c. absolute alcohol for 24 hours and then transferred to 80% 
alcohol in which they were held until time for study was available. 
Belling’s method for making aceto-carmine smears (Belling, 1926) 
proved most satisfactory for all stages except very early prophases 
and almost mature pollen grains. The earlier stages were more easily 
studied from the haematoxylin or the crystal violet preparations, 
while Ehrlich’s haematoxylin stained the chromatin contents of 
microspores and microcytes most readily. 

The Identity of the Individual Chromosomes 

The two sets of 12 chromosomes each in the diploid Lilium 
tigrinum and the three sets of the triploid clones are remarkably 
alike in respect to the size and the shape of the individual chromo- 
somes. For a triploid type Takenaka and Nagamatsu (1930) figured 
seven of the twelve chromosomes of a set and made the observation 
that one of the twelve has a median constriction and one a sub- 
median while the remainder have terminal or sub-terminal constric- 
tions. 

Sato (1932, p. 85) has studied the relative lengths and shapes 
of the chromosomes of various species of Lilium and he concludes 
as follows : 

“The chromosome complement in each species of this genus is composed of 
elements which bear a striking resemblance in shape to each other, namely four long 
chromosomes which form two pairs of chromosomes with median and sub-median 
fiber-attachments, the second class being represented by three pairs of chromosomes 
with sub-median fiber-attachments, the third by rod-shape with sub-spherical head 
end, the fourth by the rod-shape with round end.” 

Sato’s figures are of Lilium tigrinum clone Flore-pleno and were 
made from fixed material of somatic mitoses. Our studies were made 
from aceto-carmine stains of stages in meiosis for triploids which 
have the single flowers. We found that each of the 12 chromosomes 
of a set has an individuality in shape, form, and place of fiber attach- 
ment which is shown in the following text figure. 

The set here shown is from the type clone of the triploid Lilium 
tigrinum which was first sent from China to the Royal Botanic 
Gardens at Kew, England, by William Kerr in 1804 and propagated 
since solely by asexual means for horticultural culture. The draw- 
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ABCDEFGHl JKL 
Text Fig. 1, Semi-diagrammatic drawings showing relative size and shape of the 12 
chromosomes of the triploid set in Lilium tigrinum. 


ings were made from unusually clear aceto-carmine preparations 
of the second anaphase, since the chromosomes at this stage are 
simple and easily studied. A summary of the characteristics of 
each chromosome is given in the following table: — 


Table 1. Tabulated description of the chromosomes of the type clone 
of the triploid Lilium tigrinum. 


Chromosome 

letter 

Length in 
ocular units | 

Constriction 

point 

Outstanding identifying marks 

A 

11-7.6 

Sub-median 

Arm nearly as long as body. 

B 

9-6 

Sub-median 

Arm proportionately shorter ; ends tend 
to curve inward ; slight undulations. 

C 

12 

Terminal 

Long, slender, slight iog in the middle 
region ; no knobs. 

D 

11 

Terminal 

Terminal knob ; knob never bends over. 

E 

10 

Sub-terminal 

Slender, slightly undulate, both ends 
curved ; small knob at polar end. 

F 

9.5 

Sub-terminal 

Terminal knob about 2 units in length. 
Always bent over. 

G 

9 

Terminal 

Undulate with definite median jog ; no 
knob. 

H 

9 

Terminal 

Simple, straight with posterior end 
twisted obliquely to the side. 

I 

8 

Terminal 

Posterior hook or right angle bend. 

J 

7 

Sub-terminal 

Small knob at polar end. Always bent 
over. 

K 

7 

Sub-terminal 

Large terminal knob bent over; body 
very undulate. 

h 

5 

Sub-terminal 

Short with straight body and terminal 
knob bent over. 


Six of the twelve chromosomes, A, B, D, F, G, and K, are easy 
to recognize and the others are to be identified with a little more 
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Study. In the triploid there is no apparent morphological difference 
between the homologues, but there are undoubted genetic differences 
and physiological differences as demonstrated by the irregular pair- 
ing of chromosomes and the appearance of univalents in the early 
stages of meiosis. 

The chromosomes of the diploid as well as those of three clones 
of triploid Lilium tigrinum, i.e. splendens, Fortunei, and the inter- 
mediate type, were studied with respect to their individuality, but 
thus far no noteworthy differences between corresponding or 
homologous chromosomes of the different sets have been observed. 

Meiosis in the Diploid (2n=24) Lilium tigrinum Compared 
with That of the Triploid (3n— 36) Clones 

The conspicuous cytological difference between the diploid tiger 
lily and the triploid type is the presence of the additional twelve 
chromosomes in the latter. As the stages in microsporogenesis are 
followed through in both types, it becomes at once apparent that 
the triploid P.M.C. display very definite irregularities in cytological 
behavior. Briefly they are as follows : — 

(1) The presence of univalent, bivalent and trivalent spiremes 
in the prophase as well as the corresponding chromosome associa- 
tions in the metaphase. 

(2) The distribution of more than 12 chromosomes to daughter 
nuclei at both I-A and II-A. 

(3) Lagging chromosomes at I-A and II-A. 

(4) Fragmentation of chromosomes and formation of micro- 
cysts at I-A and II-A. 

(5) The premature division of univalents at I-A. 

(6) The organization of micronuclei and their degeneration. 

(7) The formation of microcytes and the occurrence of 
polyspory. 

(8) The abortion of a large percentage of the pollen grains 
and the ability of only a few grains to function. 

In comparing the meiotic stages in diploid and triploid types of 
L. tigrinum we will trace these irregularities from their inception 
beginning with the post-synaptic phases. 

The Early Stages of Meiosis 

In the diploid type of Lilium tigrinum there is complete pairing 
of homologous chromosomes to the degree that no univalents were 
observed in these studies (plate 24 figs. 1 and 2) . Immediately follow- 
ing synapsis there is a thickening and a shortening of threads and 
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it is soon evident that there are twelve paired threads of which the 
free ends are usually to be observed. The chromomeres are of various 
sizes and distribution along the spireme and they lie side by side in 
pairs giving a very complete and regular parasynapsis. From early 
pachyphase it is increasingly evident that a matrix is precipitating 
around the spireme threads forming a sheath. The sheath gradually 
acquires chromaticity and forms the bulk of each chromosome. In 
every nucleus there are one or two nucleoli which persist until late 
metaphase. 

The chromonemata are first evident in the diplophase when 
they are observed to be twisted about each other. Each chromonema 
forms the axis of one chromatid (Taylor, 1931; Hsu-siang, 1932). 
Twisting of the chromatids initiates a coiling of the homologous 
chromosomes about each other which in this stage reaches its 
maximum (plate 24 fig. 3) . A shortening of the chromatids, and con- 
sequently of the chromosomes, gradually takes precedence over 
coiling so that as diakinesis is approached actual untwisting begins 
to take place. While coiling is going on, however, there is a tendency 
for loops and loosely associated regions to appear between twists until 
shortening takes up the slack. Then the paired chromosomes resemble 
in appearance a segment of twisted rope until diakinesis brings 
another opening up of the chromatids. While the chromosomes 
shorten and commence to uncoil at the end of the diplophase, the 
chromonemata make no proportional changes. Increased coiling 
adjusts them to the decreasing length of the chromosome. In this 
respect the chromatids follow the behavior of the chromosomes rather 
than that of the chromonemata within. Sub-medial reversal of the 
direction of coiling of the chromonemata has been noted in both 
diploid and triploid P.M.C. (plate 24, fig. 3) . This is common at the 
constriction point (plate 24, fig. 8) where the spindle-fiber attachment 
occurs (Iwata, 1935) . 

Sass (1934) describes the early prophases as being perfectly 
normal and implies that synapsis proceeds between pairs of homo- 
logous chromosomes. His figures, however, show irregularities in 
chromosome behavior which indicate that his material was not 
homogeneous, but was on the other hand derived from several 
different clones. It is possible that his material may have been 
collected from both diploid and triploid clones of Lilium tigrinum 
or that sufficient study had not been made of the early prophases to 
distinguish these irregularities. 

In the triploid, irregularities are apparent in the late stages of 
synapsis in that there are univalent threads as well as bivalent 
and trivalent associations quite as noted by Horton (1936) in wheat. 
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The single or univalent spiremes (plate 24, fig. 5) may course in- 
dependently through the nucleus without contact with other threads 
and will continue into the later stages as univalent chromosomes. 

In the triploid, irregularities in the disposition and association 
of chromomeres on opposed homologous chromosomes were observed. 
Corresponding chromomeres on all three spiremes do not always occur 
and their sizes may be different as noted by Belling (1931). In 
shape the chromomere aggregates resulting from the conjugation of 
three homologous chromosomes are somewhat elongated and lobulated 
(plate 24, fig. 4) in contrast to the diploid in which the paired chromo- 
meres are smaller and transversely lengthened (plate 24, fig. 2) . As 
the prophase proceeds the chromomeres reduce in size and finally 
disappear, the smallest ones first. 

The twisted condition of the three associated chromosomes in 
the diplophase produces bulky “rope” segments where all three are 
in conjunction, but the association in most instances and for con- 
siderable distances along these chromosomes is loose and irregular. 
Two spiremes are usually paired while the third may be in contact 
at one or two points only, and in some cases it may not touch at any 
point. It then constitutes an unpaired chromosome. Thus there are 
trivalent, bivalent, and univalent spiremes which originate at synapsis 
and carry on through diakinesis and metaphase (plate 24, figs. 4 and 
5). Shortening of the elements and coiling of the chromonemata 
proceed normally (plate 24, figs. 3, 6, 8). 

Diakinesis 

In the diploid there are twelve pairs of chromosomes at 
diakinesis (plate 26, fig. 24) . There are no unpaired elements. The 
chromosomes are shortened and the number of chiasmata in each 
pair is clearly evident. The individuality of the chromosomes can 
now be noted in respect to length, number of chiasmata, and the 
location of the constriction point. The components in each pair are 
opened out between the chiasmata and this forms characteristic nodes 
and internodes (plate 24, fig. 6) . Each chromosome is composed of 
two chromatids which apparently contain one chromonema each. 
The contraction of the chromatids is responsible for progressive 
decrease in the length of the chromosome. With the decrease in 
length and the thickening of the chromatids the amount of twisting 
of the chromatids about each other decreases (Mather, 1935). 
While the shortening and straightening of the chromosomes is taking 
place, the chromonema in each chromatid increases its coiling since 
the chromonemata themselves do not shorten in length (Taylor 1931) . 

Mather (1935) noted in Lilium that chiasmata frequency is 
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proportional to ciiromosome length. We corroborate this conclusion 
from our observations of diakinetic chromosomes in the diploid 
Lilium tigrinum. The greatest number of chiasmata was observed 
in the pair of A chromosomes in which there were as many as four 
interstitial and two terminal. Two terminals were observed for E, 
F, J, and K; none were observed for the pairs of B, D, E, and H. One 
interstitial was the rule for G, H, I, J, and K, two for D, E, F, and 
L; three for C; and four for A and B. 
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Text Fig. 2. Semi-diagratnmatie drawings (made to scale) showing configuration of 
the various chromosome associations at diakinesis in both the diploid and triploid 

Liliimi tigrimim. 

In the triploid Lilium tigrimim, the associations at diakinesis 
show three main types of irregularities : (1) lack of uniform associa- 
tion between the homologues, (2) chromosomes in different stages 
of shortening and straightening, and (3) the occurrence of unpaired 
chromosomes (plate 26, fig. 27). There are irregularities in the 
number of homologous chromosomes which synapse, and in respect 
to the reduction in the number of chiasmata and the straightening 
out of chromosomes the stage seems to be more advanced than in 
the diploid. Also the individual characteristics of the chromosomes 
are more evident; for example, the terminal ball on chromosome D 
is now clearly defined. 

In respect to irregularity of association, two of the components 
are usually in closer contact with each other than with the third 
24, fig. 7) . In text figure 2 the triploid associations for chromo- 
somes Ah B, C, E, G, I, and K illustrate this point, F, L, and J 
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show about an even degree of association between all three com- 
ponents. In the case of chromosomes A, D, and H the lack of associa- 
tion is evident from the fact that one component of each group 
frequently remains unpaired. In the unassociated chromosomes 
(univalents) the shortening and straightening apparently take place 
more rapidly than in those in which close contact is preserved (B, 
C, E and L) . Definite association of more than three was not 
observed. 

The condition shown for the D chromosome illustrates the be- 
havior frequently seen for unpaired chromosomes. In this case all 
three of the D homologues are univalents and in each the two con- 
stituent chromatids have become not only evident but partially 
separated. The forces which operate to disjoin associated homologues 
seems to operate to develop and separate the chromatids of univalents. 

The Association of Chromosomes in the Metaphase 
of the First Division of Meiosis 

For the diploid. During the prophases and at the time of 1he 
equatorial plate there are 12 pairs of homologous chromosomes. No 
unpaired chromosomes were observed. Two closely coiled chromo- 
nemata may be observed in each chromosome. Twisting of the 
members of a pair may be seen especially for the pair of the largest 
chromosomes (A and B) in which case there are points of contact 
some of which may be true chiasmata (plate 24, fig. 6), or cases of 
false interlocking. The associations observed at metaphase originate 
during synapsis. Several cases of interlocking have been noted in this 
connection (text fig. 2, triploid K) but the twists and coils have 
undergone reduction until at the time of maximum contraction no 
more than two twists or one complete coil remain in the longest 
chromosomes, while the smaller chromosomes have fully straightened 
out. But at this stage coiling of the chromonemata reaches its 
maximum in number and compactness. Premature disjunction of 
chromosomes or the premature separation of chromatids has not been 
observed for the diploid. 

For the triploid. Univalents, bivalents, and trivalents are in 
evidence during the late stages of prophase and in the equatorial 
plate of the I-M, but it is seldom that all the chromosomes of a 
triploid P.M.C. are associated 'in 12 groups of three each. The 
associations determined for 98 P.M.C. from one anther were as 
follows: 

Number of trivalents .... 12 11 10 9 8 7 

Frequency 2 29 27 25 10 5 
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Takenaka and Naganiatsu (1930) reported that in the triploid 
L. tigrmum which they studied the number of trivalents ranged from 
6 to 12 with the greatest frequency for 8. Our data indicates that 
■ the greatest number of trivalents is much higher than 8. 

The associations of the long chromosomes (as A, B, and C) in 
trivalents present various configurations (text fig. 2, triploid A', A.) 
which are no doubt the effect of differences observed earlier in the 
synapsis of parts of the threads or the results of chiasmata. The 
irregularities in the triploid at this stage involve numerical dif- 
ferences in the number of chromosomes which synapse and the con- 
figuration of those which are trivalent. In the trivalents there is 
contact at certain points between any one and the other two, but it 
is often the case that two are rather closely associated while the 
third is only partialy bound to the others (plate 24, fig. 9) . Complete 
terminalization of chiasmata proceeds up to the beginning of the 
anaphase but the high viscosity and cohesive qualities of the sheath 
preserve contact associations beyond that point. 

The univalents, bivalents and trivalents are all brought into the 
level and plane of the equatorial zone (plate 26, fig. 27) and in this 
particular there are no lagging elements at this stage. The nuclear 
membrane soon disappears while at the same time the sheath of the 
chromosome increases in volume and its outer surface becomes more 
dense. The nucleolus loses its chromaticity at this point and its 
outline becomes irregular as though parts of it had already under- 
gone partial dissolution. Owing to extreme contraction the in- 
dividuality of the chromosomes is somewhat obscured. 



Text Pig. .3, Semi-diagrammatic drawing 
made of a diploid P.M.C. of Lilium 
Uqrinum at I-A showing the entire set 
of 24 chromosomes with partially sepa- 
rated chromatids evenly distributed be- 
tween the two poles. (From an aceto- 
■ carmine smear preparation). 



Text Fig. 4. Semi-diagrammatic drawing 
made of a diploid daughter cell of 
Lilium iigrinum at II-A showing the 
entire set of 24 daughter chromosomes 
(former chromatids) evenly divided be- 
tween the two poles. (From an aceto- 
. carmine smear preparation). 
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The Anaphases of the First Division 

In the dij)loicl the pairs of homologous chromosomes disjoin with 
regularity and one set. of twelve moves to each pole (plate 26, fig. 25). 
As the chromosomes proceed, partial separation of chromatids 
simultaneously takes place so that each o'f the polar groups is com- 
posed of twelve pairs of chromatids. There is no precocious com- 
plete separation of chromatids. The chromosomes with terminal and 
subterminal spindle attachments appear as V-shaped structures (text 
fig. 3), as shown by Farmer (1895) and later by Allen (1904), with 
the apex pointed toward a common center, the two chromatids being 
in contact and bound together only at the point of fiber attachment. 
The long chromosomes with sub-median attachments approximate 
double V’s with the four ends divergent and the angles coinciding at 
the constriction region in a bond between each two chromatids. Each 
chromatid definitely contains now two coiled chromonemata as 
duplication has taken place. For the entire cell at this stage there 
are twenty-four pairs of chromatids. There are no lagging chromo- 
somes; and the spindle is bipolar without exception. 

In the tfi'ploid clones of Lilium tigrinum there is in the first divi- 
sion (1) complete disjunction for nearly all members of bivalent and 
tri valent associations with only an occasional non-disjunction, of an 
homologous pair of chromosomes, (2) partial separation of certain 
sister chromatids from each other, (3) complete separation of certain 
of the sister chromatids especially those of the univalents, (4) the 
lagging of certain chromatin units, and (5) an unequal numerical 
distribution of chromatin units to the two poles. The rule is that 
in the anaphases of the triploid types the homologous chromosomes 
disjoin and also that the two chromatids of each of these chromosomes 
partially separate, while the chromatids of univalents entirely 
separate to form the sister chromosomes which would otherwise 
normally appear in the second division (plate 1, fig. 10). 

When they are disjoining, the chromosomes C, D, E, F, G, H, I, 
J, K, and L pass to the poles as open V’s while chromosomes A and 
B appear as double V’s with coinciding vertices and the appearance 
of these is the same as in the diploid (plate 3, fig. 34) . As a rule 
the unpaired chromosomes (the univalents) fail to leave the equatorial 
plate and their chromatids completely separate in the equatorial 
region (plate 3, figs. 28, 29, 30, and 31). 

Complete counts were made in various cells with the definite 
identification of the pairs of attached sister chromatids (diads) and 
of the separated chromatids (monads) with respect to the distribu*’ 
tion in the anaphase of the first division of naeiosis. The different 
distributions observed are given in the following tabulation: — 
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Table 2. Summary of chromosome distribution at I-A in P.M.C. 
of triploid Lilium tigrinum. 


At one pole 

Lagging 

At second pole 

Total equal to 

16 diads 

10 monads 

16 diads 

36 diads 

17 diads 

8 monads 

16 diads 

86 diads 

17 diads 

6 monads 

16 diads 

36 diads 

19 diads 

17 diads 

4 monads 

4 monads 

16 diads 

17 diads 

36 diads 

36 diads 

19 diads 

2 monads 

16 diads 

36 diads 

18 diads 

2 monads 

17 diads 

36 diads 

18 diads 

0 monads 

18 diads 

36 diads 

20 diads 

1 diad and 

2 monads 

14 diads 

36 diads 


In one of the mother cells listed above one nucleus had 14 
chromatin units, the other had 20, and there were 3 lagging, making 
a total of 37. All the units in the two polar groups were pairs of 
chromatids (diads). One lagging unit was a V-shaped diad of the 
chromosome K, but the other two were monads (separated 
chromatids). Hence the total of 37 is in reality the equivalent of 
36 diads. The presence of monads or separated chromatids to the 
number of 10, as indicated in one case above, gives a total of 
41 chromatin units which, however, are equal to the 36 chromosomes 
of the triploid assembly. 

In the case of the distribution of 20 and 14 diad chromosomes 
noted above, it was determined that at one pole of the 20 there were 
five pairs of duplicates and of the 14 there were three pairs of 
duplicates, and in each of these, two homologous chromosomes had 
passed to the same pole but the pairs were not attached to each other. 

The data indicate that the mechanism of distribution operates 
most effectively for the disjoining of chromosomes and that it tends 
to separate these into two groups of nearly equal number. Since 
the number at each pole is nearly always more than 12 it is evident 
that there is the inclusion of two or more chromosomes of the same 
type (homologues) within the same polar group. It may, perhaps, 
be assumed that two of a trivalent group tend to pass to opposite 
poles and that the third member may go to either. In the counts 
which were made no case was found in which only 12 chromosomes 
were found at one pole of the anaphase of the first division, and in 
no case was 24 found. 

The lagging chromatin elements in the early anaphase stages of 
the first meiotic division in triploids are either (1) pairs of 
homologous chromosomes, (2) unpaired chromosomes, or (3) single 
nnd separated chromatids. The last named are most frequent and 
numerous. Failure of disjunction sometimes occurs. In this case 
the pair of homologues may be stretched to form a chromatin band 
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which extends for a considerable distance toward the two poles. If 
there is a persistent attachment in the distal portion of the two, an 
“anaphase bridge” (Jensen, 1936) is formed which is later bisected 
by the formation of a cell plate. 

Unpaired chromosomes which Lag rarely persist in the equatorial 
areas as such; that is, with the two chromatids intact in one unit 
or in partial attachment. It is the rule that the lagging univalents 
undergo premature separation of chromatids which is the final stage 
of duplications normally seen in somatic divisions and in the homeo- 
typic divisions of meiosis. 

The position and condition of the separated chromatids in the 
early anaphases indicate certain aspects of the processes which 
operate. The two sister chromatids separate promptly and completely 
during the early anaphase and for a time they He near each other 
in a somewhat parallel position. They seem to float apart by a 
repulsion which is operating uniformly at all points including the 
point of spindle attachment. The separation appears to be largely 
independent of spindle fiber activity and the operation of such fibers 
seems to be largely lacking on 
the separated chromatids in 
later stages. 

Chromosomes A, B, D, 

E, and K were all identified 
among the lags but it can 
not definitely be stated that 
certain chromosomes of the 
twelve do not lag. It is, how- 
ever, certain that the chromo- 
somes which most commonly 
lag are those for which asso- 
ciations are loose or lacking (as 
illustrated by chromosomeD) . 

The spindle figures of 
the first division are bipolar 
and there is no evidence of 
the suppression or collapse of 
the general spindle apparatus 
which might result in restitu- 
tion nuclei. All chromatin 
elements and associations seen in diakinesis are brought into the 
metaphase plate. Prom this point on the distribution operates to 
distribute into two nearly equal groups the chromosomes which have 
been associated and which have disjoined, but fails thus to operate on 



Text Fig. 5. Chromosome A at interphase 
showing the duplicated chromonemata and 
the junction of the two chromatids at the 
constriction point. 
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those univalents whose chromatids separate prematurely to forih 
sister chromosomes. The only noticeable irregularity in spindle 
formation is the appearance of the secondary or accessory spindles 
which form cell-plates to cut off microcytes (plate 25, figs. 21, 22, and 
23). 

The Telophase and the Interphase following First Division 


The points of special interest in these stages are the organiza- 
tion of the main nucleus in each of the two cells and the behavior 
and fate of the lagging chromosomes and the fragments of chromatin. 

The group of V-shaped pairs of chromatids at each of the two 
poles ■ (plate 26, fig.: 84). is oriented in a manner which suggests the 
so-called maturation repulsion forces postulated by Takenaka (1933). 
The individual pairs of chromatids in both diploid and triploid L. 
tigrinum are somewhat -elongated during traction toward the pole 
indicating tension, but as, the polar position is reached the shape 
becomes more undulate. The group of chromosomes, as a rule, is 
at first star-shaped and somewhat flattened in one plane. But soon 
the nuclear membrane appears and the plate of chromosomes be- 
comes bent in conformity to its curved surface. No cytoplasm ap- 
pears to be included within the nuclear space which becomes spherical 
in shape. Concurrent with the organization of the nuclear membrane 



the sheath of the chromatids loses volume and practically disappears 
disclosing thereby the spiral chromonemata. Each chromonema has 
duplicated and in most of the chromatids the chromonemata have 
actually separated giving the characteristic criss-cross of the double 
spiral. In some regions among the chromosomes the chromonemata 
may still be seen unseparated (text fig. 5). The chromosomes retain 
their V-organization the ends of the chromatids remaining divergent. 
They elongate and become tortuous but there is no tendency evident 
of the free end of one “V” fusing with that of another as suggested 
by Allen (1904). Lengthening of the chromosomes is evident with 
the spinning out of the coils (plate 25, fig. 23). No nucleolus is 
organized and no anastomoses between chromatids are seen. 

While the interkinetic nucleus is being organized, the phragmo- 
plast is expanding toward the periphery and any fragments and 
lagging elements not included with the polar groups at the time the 
nuclear membrane appears are swept along to the periphery and 
remain there either to undergo degeneration or else, if in sufficient 
quantity, to organize as a micronucleus. A small and secondary 
spindle may ainse in connection with the formation of the dividing 
wall of a microcyte (plate 25, fig. 23) . In the diploid no such extruded 
elements are present. Following the contractions of the next pro- 
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phase, the chrome nemata coil anew and accumulate matrix thus 
bringing into existence the new chromatids. No chromomeres have 
been observed at this stage. 

The lagging chromosomes and the fragments of segmented 
chromosomes which are a conspicuous feature in the triploids (plate 
25, figs. 19 and 20) are, as a rule, left outside of the newly organized 
nucleus. The fragments, and even entire chromosomes (plate 25, 
figs. 12-17) soon become rolled up into compact balls and there is 
increasing opacity, accompanied by the development of one or two 
lymph vacuoles which are first in contact with the fragment (plate 25, 
fig. 11 a, b, c, d, e, f, g, h, i). We propose to call the rolled-up 
chromatin masses which do not become organized as a nucleus or 
which later appear from disintegrating micronuclei, microcysts 
(plate 26, figs. 32 and 33). Takenaka (1933) calls such bodies 
“chromatin granules” and Tackholm (1923) calls tham “nucleoli” 
and illustrates them in his figure 33. It appears that the vacuoles 
separate from the microcysts (plate 25, figs. 11 f, g, h; 18 and 21) 
and migrate during the interphase toward the nucleus, for cases were 
observed in which several of them were close to the periphery of the 
nucleus. The mode of formation, the appearance, and the behavior 
of these vacuoles suggest that they are formed by the complete 
dehydration of the chromatin, and that they contain true karyolymph. 

Certain chromatids and as many as three chromatids which lag 
are organized into micronuclei which lie free in the cytoplasm. 
These may persist but they do not undergo a second division. 

Secondary spindles and microcytes. At the end of the first 
meiotic division of the triploid P.M.C, secondary spindles may 
develop either when cell-plate formation is still in progress or soon 
thereafter. One pole of such a spindle centers about the lagging 
chromatin which has become localized in the periphery of the 
daughter cell following cell-plate formation. The other ends in- 
definitely in the cytoplasm in the general direction of the nucleus, the 
fibers converging and disappearing (plate 25, figs. 21, and 22) . The 
cell-plate formed cuts off a dwarf cell termed a microcyte (Hollings- 
head, 1930) (text figs. 7 b and c, 8; plats 26, figs. 35, 36, 37). These 
are formed by secondary spindles and they originate after the 
daughter cells have separated. Accessory spindles, on the other hand, 
occur as an extension of or in conjunction with the phragmoplast 
during the process of cytokinesis (plate 25, fig. 23). One pole centers 
about the localized chromatin which may or may not organize a 
micronucleus, while the other pole is diffuse, some of the spindle 
fibers proceeding toward one of the nuclei, the others toward the 
second nucleus. The cell-plate which results appears to be bifurcated 
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or branched, and the cytoplasm of the microcyte formed comes from 
the original cell rather than from either of the daughter cells. The 
chromatin undergoes no movement with either type of spindle, and 
no evidence of traction or attempted distribution of chromosomes has 
ever been observed. The sole function of such spindles is cell-plate 
formation and they may occur in either the first or second divisions 
of meiosis. 

The Second Meiotic Prophase and Metaphase 

Following the brief interphase in which the chromonematal coils 
spin out to their limit, a second contraction occurs and the chromo- 
somes of both the diploid and the triploid come out of the inter- 
phase exactly as they entered it, that is, as diads. At this stage no 
chromomeres or anastomoses are in evidence. 

In the diploid there is a second division in each of the two 
daughter cells and these are simultaneous but independent (plate 26, 
fig. 26) . Four spores of nearly equal size are formed and the primary 
nucleus of each receives, as a rule, 12 chromosomes. No extruded 
or lagging chromatin elements were observed in the various seedlings 
which are to be classed as normal diploids. The chromosomes 
assembled at each pole are the original chromatids and each one is 
simple: that is, the limbs of the V’s have separated (text fig. 4). 

In the triploid there is also very uniformly a division for each 
daughter nucleus and its cell (plate 26, fig. 33) . But these nuclei 
almost always contain more than 12 chromosomes some of which are 
homologues and also there may be present in the nucleus certain 
single chromatids. The developments in each of the two main cells 
involve the separation of the chromatids of those chromosomes which 
have remained as diads, the distribution of all the chromosomes 
originating from single chromatids, the organization of these into 
nuclei or as lagging elements. In addition there are the changes to 
consider which take place in the micronuclei and microcysts which 
are included in the two daughter cells from the first division of 
meiosis. 

At the first telophase it is evident from counts that some of the 
chromatids which constitute the components of equationally divided 
univalents are included in daughter nuclei. These are to be recognized 
as monads instead of diads. As the reduction of the matrix proceeds 
and the extending of the spiral chromonemata continues at inter- 
phase the connection between the divergent chromatids can readily 
be traced. This attachment point can be identified in the diads but 
in the monads it is absent or less readily observed. 

The second division gives, as a rule, from each pollen mother cell 
four cells of nearly equal size, and in addition there may be formed 
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at this time smaller cells (microcytes) which may contain lagging 
chromosomes. These become organized as micronuclei or as micro- 
cysts, or they may contain only cytoplasm (plate 26, figs. 35, 36, and 
37). The latter are in addition to any microcytes that may form 
during the first division. 

The distribution of chromosomes during the second division was 
fully determined in 76 cases for each of the daughter nuclei of the 
four large cells (future pollen grains) and for the lagging elements, 
and in various cases the identity of certain chromosomes was 
established. The various distributions observed are given in the 
following tabulation in which the numbers given refer to chromo- 
somes formed from single chromatids: 


Table 3. Distribution of chromosomes in the second or homeotypic 
division of Lilium tigrinum. 


In one spindle 

In the sister spindle 

Total number 

One nucleus 

Lags 

One nucleus 

One nucleus 

Lags 

One nucleus 

Chromosomes 

17 

2 

17 

17 

1 

18 

72 

17 

4 

15 

17 

2 

17 

72 

17 

1 

18 

18 

0 

18 

72 

17 

1 

16 

18 

2 

18 

72 

19 

2 

17 

15 

1 

15 

70 

19 

0 

19 

15 

1 

14 

68 

18 

0 

38 

16 

0 

16 

68 

18 

2 

16 

15 

2 

14 

67 


The lagging chromosomes or fragments from the first division 
are now either rounded up as microcysts, tightly knotted, in advanced 
stages of disorganization, or disintegrated entirely, or they may be 
organized in micronuclei. They may be present in these conditions 
within the larger cells or in the microcytes. In table 3 the number 
of chromosomes in any one complement of the four large daughter 
nuclei ranged from 14 to 19. In several cases 72 chromosomes are 
counted which indicates that each chromosome of each of the three 
sets had undergone but one equational division even though this 
occurred in the first division. When the number is less than 72 either 
some chromosomes did not thus divide or else certain of them were 
lost through lagging and ultimate disintegration. 

The identification of all chromosomes in a late anaphase of the 
second division was made with respect to the distribution of chromo- 
somes to the four nuclei in a certain P.M.C. of the triploid L. 
tigrinum. In this case there were but three lags' evident and these 
were from the last division. Text figure 6 presents a drawing which 
shows all the chromosomes and table 4 summarizes their distribution 
to the two pairs of sister nuclei. 
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Text Fig. 6. The distribution and identity of all chromosomes of one pollen mother 
cell of a triploid lAlium at the anaphase of the second meiotic division. 


It is evident that in this case all chromosomes divided once only; 
that more than a complete set have passed to each of the four nuclei ; 
and that two of the three homologous chromosomes enter either of 
the two nuclei of a pair by chance distribution to increase the number 
to more than 12. i , 


Table 4. The distribution of 72 identified chromosomes between the entire four 
poles in the two daughter cells at II-A of the triploid Lilium tigrinum. 


TOTAL 


fVucJeus 

1. 

A 

B 

CC 

D 

EE 

F 


HH 

t 

J 

K 

LL 

17 

Logs 




D 







M 

1 

1 

/Muczleus 

2. 

A 

B 1 

c 

D 

EE 

F 

BB 

HH 

1 

J, 

KKj 

t 

16 

Nucleus 

A 

AA 

6B 

CC 

D 

£ 

F 

0 

H 

II 

JJ 

I K 

L 

87 

Lags 






F 





1 ^ 


2 

Nucleus 

4. 

AA 

BB 

c 

DD 

E 

FF| 

G 

H 

li 

JJ 

K 

LL 

89 

TOTAL 

6A 

sB 

6C 

sD 

bE 

6f; 

sG- 

6H 

68 

eJ 

sKjs L 

72 


A special study was made of the number of lagging and extended 
chromatin elements in a large number of cases in which the number 
of chromosomes in the main nuclei could not be determined. The 
following table presents the various kinds of distribution of lagging 
elements observed in each of the two pairs of sister spores and in 
the additional microcytes. The lagging elements of the first division 
are given in italics, those of the second division are given in the 
ordinary type. In certain cases the identity of a chromosome was 
established as indicated in parentheses. 
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Table 5 * Data on lagging chromatin units at the anaphases and telophases 
of the second meiotic division of the triploid Lilium iigrimim.,. ■ 



* f signifies fragment. 

In the groups of cells reported above there was only one tetrad 
with no lagging chromatin units. The greatest number of such units 
was 18 in which 7 microcytes were present comprising 9 chromatin 
elements. The largest number of lagging chromatin elements in 
any one cell was 4. At this time the lagging units consisted of (1) 
entire chromosomes of which A, B, C, D, E, F, and H were identified 
as indicated in the table, and it will be noted these were all lagging 
from the second division, (2) chromosomes which were rolling up 
and forming irregular knotted masses, (3) fragments some of which 
had degenerated into rounded and apparently solid masses, and (4) 
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diromosomes in microniiclei. Some of each of the last three classes 
as mentioned were found in microcytes. 


Late Stages of Microsporogenesis 
The conditions which exist in the triploid Lilium tigrinum at the 
time of the late stages of microsporogenesis after meiosis is com- 
pleted and shortly before anthers dehisce may be listed and briefly 
summarized as follows: — 

(1) More than four main spores are frequently present, but 
never less than this number (plate 26, fig. 36) . The four sister cells 
(the potential pollen grains) are rather uniform in size and shape 
and of larger size than the accessory microcytes (plate 26, fig. 35). 
There are some differences in size but all contain cytoplasm and one 
large nucleus, and there is usually present one or more lagging 
chromatin elements. 

(2) As a rule the number of chromosomes in the nucleus of 
each of the four larger cells derived from a single pollen mother cell 
is more than 12. The numbers counted at this stage ranges from 
14 to 19, but the number of 12 has been found in the equatorial plate 
of the division of the vegetative nucleus of a microspore (text fig. 9). 
The organization of nuclei with more than 12 chromosomes seems to 
be the usual procedure. 

(3) In the cytoplasm of the large-sized or primary cells there 
are (a) degenerating chromosomes or fragments in the form here 
described as microcysts (text figs. 7 and 8, Mst.), (b) lymph vacuoles 
which arise in the formation of microcysts (text fig. 7, L.V.), and 
(c) micronuclei (text figs. 8 and 10, Mn.) ; and some of each of 
these may arise in the first division. At least 75 % of the mature 
pollen grains contain one or more microcysts, the largest number 
observed in any one cell being eight. The degeneration of the lagging 
or extruded elements of chromatin proceeds both when they lie free 
in the cytoplasm and when a nuclear membrane is formed. 

(4) The micronuclei contain few chromosomes or chromatin 
fragments. Those which lie in the cytoplasm of a primary cell are 
reduced to microcysts (plate 26, fig. 38) and hence very few ripe 
microspores contain micronuclei. 

(5) Accessory cells or microcytes are present and conspicuous 
at this time (text fig. 7, b and c; 8, Met.). They are much smaller 
than the primary cells; some of them are formed during the first 
division, but most of them are formed during the second division. 
For the most part they are formed after the main cell plates are 
fully developed. They may contain micronuclei, or microcysts, or 
both; or there may be no chromatin in evidence. 
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chromosome fragment, (b). Microcyte. Chromosome rolling up before forming a 
micronucleus, (c). Microcyte containing one chromosome and lymph vacuole. 8. 
Microspore and microcyte drawn in their relative positions. Mn , micronucleus; 
Met., microcyte; and Mst., microcyst. 9. Twelve chromosomes at the equatorial 
plate for the division of the vegetative nucleus. 10. Microspore. G, generative cell ; 
Mn., micronucleus ; T, vegetative nucleus. 11. Two vegetative cells in a single 

microspore. 

At the time when anthers of the triploid Lilium tigrinum are 
about to dehisce and discharge pollen there are two rather distinct 
classes of spores, (a) the large-sized pollen grains and (b) the small- 
sized microcytes and these exist in a ratio of about 9 to 1 (plate 26, 
fig. 39) , All these spores contain at least some cytoplasm and have 
well formed walls. None have collapsed and none appear to be dead. 

The Mature Pollen 

During the last few hours before the anthers dehisce and during 
the early stages of dehiscence while pollen is drying out noteworthy 
changes occur and obvious degeneration followed by abortion of 
entire cells appears for the first time, , Certain of the large-sized 
pollen grains do not develop beyond the one-celled stage and these, 
it is believed, not only do not germinate but abort. It is to be noted 
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that about 10% of the large-sized pollen becomes empty daring the 
stages of dehiscence (plate 26, fig. 42), 

For a considerable number of the large-sized grains the division 
of the primary cell occurs, but various irregularities in the internal 
development of pollen grains have been found. 

1. The division of the primary cell may result in two cells of 
nearly equal size (See text fig. 11). This condition was shown by 
Chamberlain (1897 ; his figures 19 and 20) . The two cells may contain 
no microcysts or micronuclei and appear as living and quite normal 
vegetative cells within a common microspore wall. 

2. There may be present in the cytoplasm of the pollen grain 
microcysts and accessory micronuclei in various conditions and most 
of these arise during meiosis as already described. But in some cases 
there may be amitosis of the primary nucleus quite as shown by 
Chamberlain (his figures 13 and 14) which results in small nuclei 
similar in appearance to the micronuclei formed about lagging 
chromatin. 

3. The generative cell may remain of small size and stay out- 
side of the vegetative cell. It may become separated from the 
vegetative cell by a wall and may become more or less flattened and 
aborted (plate 26, fig. 41) . This condition was shown by Chamberlain 
(1897) but the generative cell was interpreted to- be a prothalial cell 
and a mdcronucleus within the primary cell was interpreted as the 
generative cell. The structures considered as centrosomes by 
Chamberlain are, we believe, microcysts in the late' stages of 
degeneration, 

4. A large number of the microcytes shrivel into irregular 
shapes and their contents collapse and disintegrate. Also in the dry- 
ing of pollen, many of the larger grains become shrivelled to various 
sizes. Thus the dry pollen, either as such or after it has been placed 
on sugar-agar media, presents considerable gradation in size, degree 
of irregularity in shape, and density of contents even for those cells 
which previously appear to be rather uniform. 

The irregularities found in pollen grains may be listed as follows : 

1. One vegetative nucleus -9 one microcyte. 

2. ,, ,, ,, -ftwo micronuclei. 

3- », ,, ,, -f-four micrccysts. 

4. ,, • ,, + two microcysts + a generative cell. 

5. Two ,, nuclei. 

3. ,, ,, ,, -tone generative nucleus. 

7. Three ,, ,, 

8. Two ,, cells in one grain which may or may not be of 

equal size (text fig, 11), : 
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The Viability of Pollen 

It has been reported (Stout, 1933) that a germination of about 
9% was obtained for pollen of Lilium tigrinwn clone Fortune! which 
is triploid and that pollen of certain plants of this species which are 
evidently diploid gave 90% germination. Further tests for germina- 
tion have given results fully in agreement with this earlier report. 

Pollen of diploid in tests for artificial germination on agar 
(1% ) -sugar (5, 10, and 15% ) media gave germination for as many 
as 90 %- of all grains and only about 1^/c of all grains was empty 
and shrivelled. Many of the tubes reached a length of 2000 p and 
some were 3000 in length (plate 26, fig. 43) . 

Pollen of the triploid done Fortunei was rather fully tested and 
studied in artificial germination. Microcytes constituted about 10% 
of all cells to be included as spores and these were empty or nearly 
empty and gave no germinations (plate 26, fig. 40). There were also 
mostly empty and shrivelled cells to the number of about 10 %> which 
are larger than microcytes and which are certainly tetrad cells whose 
cytoplasmic contents have died and have largely disintegrated. 
Careful counts indicated that a germination of nearly 8% of all 
grains was obtained and the longest tubes observed were 2300 p in 
length. About 70% of all grains did not germinate but did possess 
cytoplasmic contents either alive or dead which stained conspicuously 
with aceto-carmine. Tests with aceto-iodine showed the presence of 
starch. In nearly all cases a vegetative nucleus was observed and 
in many cases a generative cell was present either inside the vege- 
tative cell or without. 

Branscheidt (1930) reports that pollen of Lilhtm tigrinum which 
does not germinate in sugar culture may be stimulated to a germina- 
tion of 61%' by mixing the pollen with pollen of Helicmthus and to 
a germination of 80% by the addition of diastase. The method of 
culture with diastase used by Branscheidt was employed and also 
various modifications of it were tested extensively at The New York 
Botanical Garden for pollen of several types of triploid Lilium 
tigrinum. The increased germination reported by Branscheidt was 
in no case obtained. Branscheidt does not state what type of Lilium 
tigrinum was studied by him. In the triploid pollen which we have 
studied at least 20% (including the microcytes) was empty and 
unable to germinate under any conditions. A considerable portion 
of the grains which did not germinate had cytoplasmic contents, but 
in many of these, various abnormalities were observed which together 

1) The earlier germination tests were made by Miss Olga Schweitzer and those of 
later date were made by Mr. Victor Shortino, in the Laboratories of The New York 
Botanical Garden. 
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appeared to restrict germination. At any rate in all of our many 
tests the germination of pollen of triploids has been low (about 8 
or 9 7c ) on the same sugar-agar media which give a germination f or 
90% of the pollen of diploid plants. 

Considerable study has been made to determine the internal 
conditions which may exist in pollen which germinates. Such grains 
are of the larger size; they possess a thickened wall; their cytoplasm 
obviously remains alive; there is present a vegetative cell and a 
generative cell which is within the cytoplasm of the vegetative cell. 
In certain of the pollen tubes some microcytes and even micronuclei 
have been observed. The number of chromosomes in the nuclei of 
germinating pollen can rarely be determined by direct counts and 
our data on this point are meagre. In one case 12 chromosomes (see 
text figure 9) were definitely counted during the division of the 
primary cell, although it cannot be said that the 12 comprised one 
of each type. It may however, be assumed that microspores whose 
vegetative and generative nuclei contain a single but complete 
complement of 12 chromosomes are most likely to function in 
germination. 

Summary and Conclusion 

It is evident that the abortions of the microspores in the triploid 
clones of Lilium tigrinum arise in connection with the presence of 
an extra set of chromosomes. But the three sets function normally 
in the somatic tissues of the triploid plants in respect to cell divi- 
sions, organizations of nuclei and cells, growth, and differentiation; 
and they have so functioned in countless numbers of the vegetatively 
propagated plants of the triploid type over a period of at least 130 
years. At the same time in the more intricate processes of meiosis, 
abnormalities develop and conditions arise which do not occur in the 
diploid. In the triploid these lead to abortion of pollen grains and 
the inability of many apparently living grains to germinate. 

The abnormalities which can be observed during microsporo- 
genesis appear (1) in various stages of the association or conjugation 
of the three homologous chromosomes, (2) in the premature separa- 
tion of the sister chromatids in unpaired chromosomes, (3) in the 
distribution of chromosomes, (4) in the organization of cells which 
constitute the complement of spores and (5) in the internal develop- 
ment which produces mature and normal pollen grains. 

The association of three spiremes is attempted and in large 
degree effected for various trivalents in every spore mother cell of 
the triploid type of Lilium tigrinum. Evidently the three homologues 
for each type of chromosome are able to associate in some degree, 
but partial associations are frequent and also entire single threads 
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appear in synapsis, which continue thereafter as univalents. The 
greater number of chromosomes enter into association as trivalents 
or bivalents and there is no evidence of larger groups which suggest 
secondary associations. This with the data that the characteristic 
chromosome number for species of Lilium is 2n = 24 and the fact 
that no 4n species is known seems to indicate clearly that the triploid 
clones of L. tigrinum are autotriploids. The failure of complete 
association of all spiremes in sets of three is a feature of irregularity 
which contributes to certain later abnormalities. 

The mechanism for the distribution of chromosomes both in 
the first and in the second division of meiosis is definitely bipolar. Its 
operation in the first division is to separate the chromosome associa- 
tions, whether bivalent or trivalent, and to assemble them into two 
groups of nearly equal number. The only indication of a third group 
is seen in the lagging chromosomes which first lie in the bipolar 
spindle : they are left out of the main nuclei and are scattered ; and 
there is no mechanism which can assemble them into a third group 
or that can operate earlier to place each of the various trivalent 
groups into three different nuclei. There are, however, accessory 
spindles which develop feebly as somewhat unipolar figures with one 
pole centering about lagging chromatin which happens to lie on or 
near the margin of the plate that is forming. Such spindles operate 
to produce only microcytes. There is no attempt to assemble or move 
the several chromatin elements to or from the pole where the nucleus 
may or may not be organized. 

It is believed that the repulsion of the members of bivalent and 
trivalent associations in the triploid Lilium tigrinum is very complete 
and regular although nondisjunction does sometimes occur. Two 
homologous chromosomes are frequently included in the same nucleus 
although they have disjoined. The lagging chromosomes of the first 
division are chiefly univalents and these undergo an equational divi- 
sion which is premature. 

The organization of two daughter cells in the first division and 
of two pairs of sister cells in the second division proceeds with a 
remarkable degree of precision and each of these contains a fully 
organized nucleus which nearly always has more than 12 chromo- 
somes. In addition there may be microcysts and micronuclei in the 
cytoplasm. The organization of microcytes in both the first and 
the second divisions occurs as a result of lagging chromatin. 

The irregularities in the distribution of chromosomes result in 
(1) lagging elements of chromatin, (2) the distribution of more 
than 12 chromosomes to the main nucleus of nearly all large-sized 
pollen grains, which necessarily involves the presence of one and 
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often two homologues of certain chromosomes or of two sister 
chromatids. 

The lagging chromosomes contribute (1) to the incomplete 
distribution of chromatin between the daughter nuclei in both the 
first and the second divisions, (2) to the premature separation of 
univalents, (3) to the formation of microcysts and micronuclei many 
of which disintegrate in the cytoplasm, and C4) to the formation of 
microcytes. 

The abnormal developments which may actually be observed 
within the pollen cells involve the following: — 


1. The primary nucleus may fail to divide to form a generative 
cell or several micronuclei may arise from it by amitosis. 

2. The division of the primary cell may result in two cells 
which may or may not be nearly equal in size (see text figure 11), 
neither of which can be considered as a generative cell. 

3. The generative cell may be produced by a normal mitosis 
and the typical unequal division of cytoplasm but it may fail to enter 
the cytoplasm of the vegetative cell, in which case it often shows 
some disintegration. 




4. The generative cell may enter the vegetative cell but fail 
to divide, or its nuclear material may form into more than two nuclei. 

^ 5. The lagging chromatin elements in the cytoplasm undergo 
noticeable and rapid disintegration. Microcysts form directly or 
by degeneration of micronuclei and later they disappear. 

The conditions which are to be recognized as directly contributing 
to the death and abortion of the various classes of pollen grains as 
well as to their inability to function are as follows: 

1. A decrease in the total chromatin content which gives less 
than a normal haploid set of 12. This is especially seen in the 
micronuclei of microcytes in none of which there are more than two 
or three chromosomes and usually less. The contents of such cells 
disintegrate quickly during anthesis and no such cells germinate. 

2. An increase of chromosomes in nuclei of large grains above 
the normal haploid number of 12. The evidence is that an even 12 
chromosomes are seldom obtained. 

^ 3. Certain of the microspore cells abort and their contents die 

during anthesis. In these it is certain that one or more of the condi- 
tions^ noted above (1, 2, 3, 4 and 5) may exist and contribute to the 
abortions It m observed that in the late stages in the abortion of 
these ^cells disintegration of the chromatin content of the nucleus 
may be observed. 

rtf which one or more of the final stages 

of 1 internal development does not occur (1, 2, 3, 4 and 5 above) 
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appear to be alive although they may not germinate. The cytoplasm 
and the nucleus of the primary vegetative cell appears to be quite 
normal and intact. 

The abortions of pollen may be attributed to conditions within 
the nuclei, to conditions in the cytoplasm, or to the combined action 
of both. Within the nuclei of the microspores there are as a rule 
more than one set of chromosomes, or at least more than 12, but as 
far as our observations go it is doubtful if there are ever as many 
as 24 and we find no evidence that restitution nuclei may form. The 
chromosome complement may, hence, be unbalanced in number, in 
genic complement, and in physiological processes. In the cytoplasm 
the obvious source of possible disturbance is the disintegration of 
chromatin material. This begins to occur in the telophase of the first 
division and progresses in degree and extent with the addition of 
more lags in the second divisions through the last stages of sporo- 
genesis and even into pollen tubes of germinating spores. These 
disintegrations may, perhaps, be assumed to be toxic or to exert other 
unfavorable influence on the cytoplasm, on the chromatin within 
nuclei, or on both, which inhibits proper development of pollen. . 

Thus in the triploid Lilium tigrinum the presence of a third set 
of chromosomes in a meiotic mechanism which operates to produce 
two groups of nearly equal number gives irregularities in the 
mechanical redistribution of these three sets which seldom, realize 
the normal haploid sets. These bring about definite disturbances in 
the organization of cells and nuclei and in the development of spores. 
The final abortions and death, as well as certain failures in germina- 
tion, are to be regarded as internal for each cell or microspore. The 
organization of the nuclei in respect, to kind and number of chromo- 
somes and the disintegration of chromatin in the cytoplasm are to 
be regarded as the chief active influences. 

The abortions of spores in autotriploids, as in Milium tigrinum, 
in various other unbalanced polyploids, and in many Fi hybrids con- 
stitute a rather definite type of sterility which is distinct from similar 
abortion in unisexualism, and especially in diploids where definite 
pollen lethals of individual genetic value may be determined in the 
behavior of chromosomes. In the Lilium tigrinum the intrusion of 
a third set of homologous chromosomes was a fortuitous and incidental 
matter. On account of this the mechanism of meiosis which operates 
for bi-distribution, and the mechanical and physiological activities of 
microsporogenesis combine to produce the various irregularities 
which we have herewith described. These operate finally, either 
singly or in combination, to effect abortion within the cells which 
comprise the pollen. 
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Explanation of Plates 
Plates 24 and 25 

All figures are concerned with the stages in the microsporogenesis of the 

diploid and triploid Lilium tigrinum. 

Fig. 1. . Prophase of a P.M.C. of the diploid Lilium tigrinum showing synapsed 
spiremes at pachytene, Iron-haematoxylin. xl600. 

Fig. 2. One pair of homologous chromosomes at pachytene removed from the above 
and enlarged to show the character and pairing of chromomeres. Matrix 
shown to be present. x3340. 

Fig. 3. A pair of homologous chromosomes from the diploid Lilium tigrinum 2 it 
diplotene showing not only the dual nature of each chromosome but also their 
manner of coiling and a true chiasma of chromatids, Iron-haematoxylin. 
X3340. 
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Fig. 4. A triyalent association of homologous chromosomes from the P.M.C. of the 
triploid Lilium iigrinum at pachytene showing the failure of one of the 
spiremes at certain points to join the other two. Iron-haematoxylin. x334U. 

Fig. 5. Segments of bivalent and univalent spiremes froni the triploid at pachytene,. 
Iron-haematoxylin. X3340. 

Fig. 6. A pair of homologous chromosomes from the diploid at diakinesis showing 
thickening and shortening of chromatids, the lessening of the number of 
coils, and the terminalization of chiasmata. Aceto-carmine. x3340. , 

Fig. 7. A trivalent association of three homologous chromosomes from the triploid at 
diakinesis showing closer association between two of the chromosomes than 
between either of these and the third. Chiasmata with false interlocking 
are present. Aceto-carmine. x3340. 

Fig. 8. A loose association of three homologous chromosomes from the triploid at late 
diplotene showing irregular coiling of the chromatids and the constriction 
points all separated from each other. C, constriction. Crystal violet. X2670, 

Fig. 9. A trivalent association of chromosomes at late diakinesis of the triploid 
showing loose association of the third chromosome and the initial stages in 
the separation of chromatids in each chromosome. . Aceto-carmine. X1900. 

Fig. 10. A univalent chromosome from the triploid at metaphase showing that the 
parallel chromatids with coiled chromonemata are in the early stages of 
separating from each other. Aceto-carmine. X1900. 

Fig. 11. a, b, c, d, e, f, g, h, and i are drawings of chromatin elements in the triploid 
showing all stages in the formation of characteristic microcysts (f , g, h) and 
their ultimate reduction (i). lymph vacuoles (L. V.) are pressnt. Crystal 
violet. x3840. 

Figs. 12, 13, 14, 15, 16, 17, Preliminary stages in the formation of micronuclei in the 
triploid. Figs. 13 and 14 are of chromosome D. Aceto-carmine. x3340. 

Figs. 18 and 19. Types of chromosome fragmentation by the cell-plates in late 
anaphase of the triploid. Crystal violet. x2670. 

Fig. 20. Fragments of a chromosome segmented by the cell plate rolling up to form 
microcysts following meiosis in the triploid. Lymph vacuoles are present. 
Crystal violet. x2670. 

Figs. 21 and 22. Secondary spindles at the end of the heterotypic division in the 
triploid showing cell-plate formation leading to the cutting off of microcytes. 
Crystal violet, x 2930. 

Pig, 23. Accessory spindles at the end of the homeotypic division of the triploid 
showing bifurcation of the phragmoplast resulting in the formation of a 
microcyte cut from the original daughter cell. Iron-haematoxylin. xl600, 

Plate 26. Photomicrographs 
Figs. 24, 26, 26, and 43. Diploid. Figs. 27-42. Triploid. 

Fig,24. Twelve pairs of homologous chromosomes showing bivalent asscciations at 
diakinensis. Both terminal and interstitial chiasmata evident. Aceto- 
carmine. x487. 

Fig, 26. Equal distribution of chromosomes to each pole at heterotypic anaphase. 
Aceto-carmine. x230. 

Fig. 26. Equal distribution of chromosomes to the poles at the homeotypic division. 
Aceto-carmine. x230. 

Fig. 27. Thirty-six chromosomes showing two univalents, two bivalents, and ten 
trivalents, at diakinensis. Aceto-carmine. x497. 

Fig. 28. Heterotypic anaphase with five chromosomes lagging in equatorial plate 
region. Aceto-carmine, x234. 

Pig, 29 . Heterotypic anaphase. No chromosomes lagging in equatorial region. 
Aceto-carmine. x234. 

Fig. 30. Heterotypic anaphase. Lagging chromosome segmented by cell plate 
formation. Aceto-carmine. x234. 

Pig. 31. Late anaphase with five chromosomes lagging at time cell plate begins to 
form. Aceto-carmine. x234. 
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Fig. 32. Homeotypic metaphase. In the left daughter cell appear two mierocysts* 
formed from lagging chromosomes of the heterotypic division. Aceto- 
carmine. x230. 

Fig. 33. Homeotypic anaphase with two lagging chromosomes and mierocysts*^ from 
the heterotypic division. Aceto-carmine. x230. 

Fig. 34. Heterotypic anaphase in which the chromatids of each chromosome have 
partially separated. Aceto-carmine. X607. 

Fig. 35. Tetrads with four microspores of average size containing lagging chromo- 
somes from the 2nd division. Microcyte, and microcyst. Aceto-carmine. 
X234. 

Fig. 36. Tetrad with six microspores and one microcyte. Aceto-carmine. x234. 

Fig. 37. Tetrad showing four microspores and two microcytes, in one of which there 
is a micronuclehs.*^ Aceto-carmine. x234. 

Fig. 38. Microspores with microcysts. Aceto-carmine. xl64. 

Fig. 39. Microspores and microcytes shortly before dehiscence of anthers. Microcysts 
still present. Ehrlich’s haematoxylin. xl60. 

Fig. 40. Mature pollen grains of triploid clone at time of dehiscence showing about 
2% germination on artificial medium. Aceto-carmine. x 35- 

Fig. 41. Mature pollen grains at time generative cell is formed. Generative cell 
aborting. Crystal violet. xl50. 

Fig. 42. Ripe pollen. Many grains are fully developed and in. some the generative 
cell is formed. Some have grains aborted and are without contents. 
Heidenhain’s haematoxylin. x80. 

Fig. 43. Germination of pollen, diploid form, on artificial medium. Aceto-carmine. 
x36. 

* Microeyst, Mst; microcyte, Met; micronucleus, Mn. 
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Mikmrgisclie Untersuchungen lebender Zelleii in der Teilnng. V. 

Die Einwirkung des Ammonia-Dampfes auf die Mitose bei 
den Staubfadenhaarzellen von Tradescantia reflexa 
Von 

Bungo Wada 

Kaiserliche Universitat Tokyo 
( Mit 2 Taf eln ) 

Einieitung 

Alls den Ergebnissen der III. und lY. Mitteilimg dieser Unter- 
suchungen, in welcben die Reduzierungsvorgange der Chromosomen’ 
zur Struktur des Rubekernes kausalanalytisch verfolgt worden sind, 
konnen wir jetzt umgekehrt auf die Entwicklungsvorgange der 
Chromosomen aus dem Ruhekerne Folgerungen ziehen. Am Anfang 
der Mitose werden die chromosomenbildenden' Substanzen, namentlich 
die Chromatinfaden in der Prophase, des Quellungswassers von 
aufien bediirfen. Dann werden die Chromatinfaden anquellen und 
sich weiter zur Spiralstruktur des Chromosoms aufwinden. Sind die 
Entwicklungsvorgange dieser Art, so konnen wir im Gegensatz zu 
den Plasmolyse- und Austrocknungsversuchen auf eine andere Be- 
handlung schlieben, welche die Chromatinfaden mafiig quellen lafit 
und die Bildung der Chromosomen beschleunigt. Eine der Substan- 
zen, welche eine solche Wirkung auf die Chromatinfaden ausiiben 
konnte, ist der Ammonia-Dampf. 

Was die Wirkung des Ammonia-Dampfes auf die Chromosomen 
betrifft, so hat Kuwada (1932) nachgewiesen, dab der Ammonia- 
Dampf die Grundsubstanz des Chromosoms auffallend, das Chromo- 
nema selbest dagegen fast kaum quellen lafit. Diese Eigenschaft des 
Ammonia-Dampfes, fiir die ich mich hier interessiere, besteht darin, 
dab die Einwirkung des Ammonia-Dampfes auf die Mitose der Wir- 
kung der Plasmolyse und der der Austrocknung gerade entgegen- 
gesetzt erscheint, und ich bemiihte mich zu beweisen, dab die Quellung 
der Chromatinfaden sowie auch die der Chromosomen sich nicht kata- 
chromatisch sondern anachromatisch verhalt. In der vorliegenden 
Mitteilung habe ich daher die Einwirkung des Ammonia-Dampfes 
auf die . Mitose in verschiedenen Teilungsstadien hauptsachlich im 
lebenden Zustande der Zelle und zum Teile durch die Farbung mit 
Azetokarmin verfolgt. 

1) Contributions from the Divisions of Plant-Morphology and of Genetics, 
Botanical Institute, Faculty of Science, Tokyo Imperial University, No. 183. 
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Material und Methode 

Als Untersuchungsmaterial brauchte ich die sich teilenden Zellen 
der j ungen Staubfadenhaare von Tradesccmtia reflexa und beo- 
bachtete sie in einem hangenden Tropfen von 2% Rohrzuckerlosung 
in der Feiichtkammer. Mit Hilfe des Mikromanipulators nach 
Peterpi fiihrte ich die Versuche fast in derselben Weise wie bei dem 
Austrocknimgsversuche aiis (Wada 1936 b, S. 363). 

Beim Ammonia- Versuche stellte ich eine Waschflasche mit Am- 
moniak zwischen eine Mundpipette und ein Doppelgeblase und ver- 
band die beiden mit Gummirohren. Beim Driicken des Doppel- 
geblases dringt der Ammonia-Dampf, welcher durch die Luft be- 
deutend verdunnt worden ist, durch die Mundpipette in die Feucht- 
kammer ein. Die Menge des in die Feuchtkammer eingefiihrten 
Ammonia-Dampf es ist also auff allend gering. Daher farbt sich das 
Curcuma Probierpapier nur an der die Pipettenoifnung beriihrenden 
und an der dem Dampfe ansgesetzten Stelle rotlich und entfarbt sich 
sofort, wenn der ZufluB des Dampfes aufgehort hat. Eine solche 
geringe Menge des Ammonia-Dampf es wirkt kaum schadlich auf die 
Zelltatigkeit ein, jedoch ist sie schon geniigend, die Chromosomen 
lebender Zellen anquellen zu lassen. 

Wahrend die Zellen dem Ammonia-Dampfe ausgesetzt waren, 
beobachtete ich kontinuierlich die Veranderungen der Teilungs- 
figuren. Natiirlich starben die Zellen in einigen Fallen infolge der 
Aufnahme libermafiiger Menge des Ammonia-Dampfes durch die 
Schadigung des Protoplasten ab. Die wichtigen Veranderungen 
einzelner Teilungsfiguren wurden wahrend der Experimente mit Hilfe 
von Leitz „Makam“ wiederholt mikrophotographisch aufgenommen. 

Versuch 1. Prophasekern 

Von 10 Zellen in der Prophase erhielt ich 4 Falle, in welchen die 
Prophasekerne zwar einmal durch die Einwirkung des Ammonia- 
Dampfes homogen anqollen, aber spaterhin die Bildung der Chromo- 
somen ebenso wie auch die der Tochterzellen vollendeten. Die Pro- 
phasekerne anderer 5 Zellen starben durch die Aufnahme einer iiber- 
mafiigen Menge des Dampfes ab. Der letzte befand sich in dem 
friihesten Zustand der Prophase, sodab er nach der Behandlung rnit 
dem Dampf zum riihenden Zustande zuriickkehrte. Von den ersten 
4 Fallen gebe ich hier einen Fall tiber das Verhalten der Chromatin- 
faden in der Prophase zu ProtokolL 

25, Allgust 1934, Der Innendurchnaesser der Mundpipette ist 40ju# Der Pro- 
phasekern befindet sich in einer Terminalzelle des Haares. 
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8:50^) Prophasekern vor dem engen Knauelstadiuni. Photographiert (Taf. 27, 

Fig- 1)- 

8:55 Einsetzen des Zuflusses des Ammonia-Dampfes. Die Chromatinfaden 
quellen sogleich an und der Kernraum sieht homogen aus. Gleich- 
zeitig stelle ich den DampfzuflnB ein, 

8:56 Der Kern sieht noch homogen aus. Die Ruhekerne sind jedoch Icaum 
verandert. 

8:58 Die Kernstruktur tritt wieder schwach ini Kernraum auf, wobei sie etwas 
granular aussieht. Um diese Zeit erseheint die Quellung des Zyto- 
plasmas, und die Vakuolen kontrahieren sich kugelformig (Taf. 27, 

Pig. 2). 

9:10 Das angequollene Zytoplasma setzt die Entmischung ein. Daher fangen 
die Vakuolen an, sich zu vergroBern. 

9:43 Metakinese, Die Bildung der Chroniosomen vollendet (Taf. 27, Fig. 3). 
9:46 Metaphase. 

11:54 Spate Telophase. Die Zellplatte ist ausgebildet, aber sie sieht noch diinn 
und schwach aus. 

15:56 Die Bildung der Tochterzellen ist vollendet. Der Zustand des Zytoplasmas 
sowie der Scheidewand ist vollstandig normal (Taf. 27, Fig. 4), 

Vergleicht man das Verhalten des Prophasekernes (Taf. 27, Fig. 
2) zu dem Ammonia-Dampfe mit demjenigen des Rubekernes (Taf. 
28, Fig. 14) , so bemerkt man, daB die Quellung des Ruhekernes unter 
der Einwirkung des Ammonia-Dampfes nicht so bedeutend auftritt 
wie die Quellung des Prophasekernes oder die der Chromosomen 
selbst. Diese Erscheinungen beweisen, daB die Chromosomengrund- 
substanz, welche durch die Einwirkung des Ammonia-Dampfes leicht 
anquillt, nur im sich in der Teilung befindenden Kern vorhanden ist. 
Daher schlieBsn sich diese Ergebnisse in Bezug auf die Entstehung 
der Chromosomengrundsubstanz an die Auffassung von Kuwada und 
Nakamura (1934a S. 356) an, indem die Matrix der Chromosomen 
sich de novo in der Prophase differenziert. 

Erst durch die iibermaBige Aufnahme des Ammonia-Dampfes 
quillt der Ruhekern auch ein wenig an und sieht homogen aus (Taf. 
28, Ffg. 16) . Im Gegensatz zur reversiblen Homogenisierung des 
Prophasekernes ruft der homogenisierte Ruhekern weiter die Ent- 
mischung seiner selbst hervor und stirbt durch die Koagulation ab. 

Versuch 2. Quellung der Chromosomen 

Von 20 Teilungsfiguren in der Metakinese und in den nach- 
folgenden Teilungsstadien, die mit dem Ammonia-Dampfe behandelt 
wurden, vollendeten 10 Zellen nach vorubergehender Quellung der 
Chromosomen die Bildung der Tochterzellen fast in normaler Weise. 
8 Zellen starben dabei durch die Koagulation ab. Die anderen 2 
Zellen bildeten dem Syndiploidkerne ahnliche Chromosomenklumpen. 
Von den ersten 10 Zellen gebe ich hier einen Fall zu Protokoll. 

1) 8:50 bedeutet 8 Uhr 50 Minuten; die Worte Uhr und Minute sind (wie 

auch in den folgenden Zeitangaben) ausgelassen. 
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25. August 1934. Der Innendurchmesser der Mundpipette ist 40 [j- . Die Mitose 
befindet sich in einei’ Terminalzelle des Haares. 

13:30 Metakinese. Photographiert (Taf. 27, Fig. 5). 

13:35 Metaphase. Durch einen schwachen ZufluB des Ammonia-Dampfes quellen 
die Chromosomen sofort an und sehen homogen aus. Jedoch behalten 
die Spindelsubstanzen dabei ihre spindelformige Gestalt bei, ohne 
daB sie irgend welche sichtbare Veranderung zeigen. 

13:37 Das Zytoplasraa quillt jetzt etwas an, gleichzeitig tritt in den sich kon- 
trahierenden Vakuolen eine Anzahl von tropfenformigen Fallungen 
auf, welche die BROWNSche Bewegung fortsetzen (Taf. 27, Fig. 6). 
13:55 Die Entmischung des angequollenen Zytoplasmas findet statt, und die 
Zelle fangt an, sich zu erholen. Dazwischen kehren die Chromosomen 
im Spindelraum zu ihrem normalen Zustande zuriick, wobei die Lange- 
spaltung einzelner Chromosomen sichtbar wird. Dagegen verschwin- 
den in dieser Zeit die Fallungen in den Vakuolen nach und nach. 
15:36 Spate Anaphase. Durch die Entmischung des Zytoplasmas vergroBern 
sich die Vakuolen betrachtlich, wobei die PolplasmastrangeO und 
andere Plasmastrange in den Vakuolen verschwinden und die gestor- 
ten Zytoplasmagliederungen die Tochterchromosomenwanderung zum 
Spindelpol auffallend verzogern. Zum Beispiel dringt der eine der 
Spindelpole (der tintere Pol in Fig. 7) ohne Polplasmastrange in die 
Vakuole ein (Taf. 27, Fig. 7). 

15;43 Der Spindelpol in der Vakuole bewegt sich entlang der einen der Seiten- 
wande, und die Teilungsfigur tritt nunmehr in die mittlere Telophase 
ein (Vgl. Wada 1935, Taf. 14, Fig. 2 u. 3). 

16:12 Die Tochterkern- und die Scheidewandanlage sind normal ausgebildet, 
und des Zellteilung ist ebenfalls vollendet (Taf. 27, Fig. 8). 

Auf Grand von Lebendbeobachtungen konnen die Einwirkimgen 
des Ammonia-Dampfes auf die Teilungsfiguren zu den folgenden drei 
Stufen analysiert werden. 

Als erste Stufe der Ammonia-Wirkung bemerkt man, dal5 die 
Grundsubstanz der Chromosomen zuerst anquillt und die Quellung 
des Zytoplasmas ein paar Minuten spater einsetzt. Infolge der 
Quellung der Chromosomengrundsubstanz verschwinden die Zwi- 
schenraume einzelner Chromosomen; dann sieht der Spindelraum 
homogen aus. Beim Quellen des Zytoplasmas kontrahieren sich die 
Vakuolen deutlich und werden kugelformig. In diesen kontrahieren- 
den Vakuolen treten tropfenformige Fallungen auf und setzen die 
BROWNsche Bewegung fort. In dieser ersten Stufe der Ammonia- 
Wirkung erleiden das Chromonema, die Spindelsubstanzen und der 
Phragmoplast fast keine sichtbare Veranderungen (Taf. 28, Fig. 14, 
19, 20). 

Als zweite Stufe der Ammonia-Wirkung setzt die Entmischung 
der angequollenen Chromosomen und des Zytoplasmas fast gleich- 
zeitig ein. Infolge der Entmischung des Zytoplasmas und der Chro- 


1) Siehe Wada 1935, S. 396, 
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mosomen nehmen die Volumen der Vakuolen nach und nach zu und 
iiberschreiten schliefilich ihre Grofie vor der Behandlung, Gegen 
dieselbe Zeit verschwinden die Fallungen, welche bei der Vakuolen- 
kontraktion im Zellsafte entstanden, allmahlich. Das Auftreten und 
das Verschwinden der Fallungen in den Vakuolen findet reversibel 
statt. 

Wahrend dieser zweiten Stufe der Ammonia-Wirkung behalten 
das Chromonema, die Spindelsubstanz und der Phragmoplast fast 
ihren normalen Zustand bei, obwohl die Gestalt des Spindelraumes 
nicht selten durch die Vergrofierung der Vakuolen deformiert wird. 
Wenn die sich teilenden Zellen den Wirkungen des Ammonia-Dampfes 
in der ersten und zweiten Stufe widerstehen konnen, so erholen sich 
die Teilungsfiguren, sowie auch die Zelle als Ganzes zu ihrem 
normalen Zustande, und die Zelle vollendet schlie01ich die Ausbildung 
der Tochterzellen. 

Wenn die Teilungsfigur, ohne dafi sie sich dabei erholt, weitere 
Veranderungen erleidet, bezeichne ich solche Verander ungen als 
dritte Stufe der Ammonia-Wirkung; und sie erweisen sich als De- 
generationserscheinung. Aus den wiederholten Experimenten bei den 
Staubfadenhaarzellen von Tradescantia konnte ich feststellen, dal3 
der Syndiploidkern, die zweikernige Zelle und dgl., welche bei den 
Plasmolyse- und Austrocknungsversuchen experimentell hervorgeru- 
fen werden konnen, durch die Einwirkung des Ammonia-Dampfes 
nicht im lebensfahigen, sondern lediglich im degenerierten Zustande 
der Zelle entstehen. 

Versuch 3. Der Klumpen der Chromosomen 
und Azetokarminfarbung 

In diesem Abschnitte wende ich mich zur Frage des Chromo- 
somenaggregates, welches entstehen kann, wenn die Mitose iiber- 
mafiigem Ammonia-Dampf ausgesetzt wird. Am Anfang der Aggre- 
gation der Chromosomen gehen bei der Teilungsfigur auch die erste 
und die zweite Stufe der Veranderungen des Protoplasten vor sich, 
wie sie in den vorigen Versuchen geschildert sind. Dann treten die 
Teilungsfigur und das Zytoplasma nunmehr durch weitere Ent- 
mischung des Protoplasten in die dritte Stufe der Ammonia-Wirkung 
ein. 

In der dritten Stufe schreiten die Entmischung der angequol- 
lenen Ghromosomen sowie auch die der Zytoplasmabestandteile, die 
Veranderungen der Spindelsubstanzen und die des Phragmoplasten 
meistenteils auffallend schnell fort. Bei solcher Entmischung ver- 
grofiern sich die Vakuolen auffallend, und alle Plasmastrange ver- 
schwinden darin. Dann wird die Teilungsfigur entweder zu einer 
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Ecke der Zelle oder zur Stelle der Zellplatte geschoben, und die 
Chrornosomen treffen dabei zu einein Klumpen zusaninieii« Der 
Menge des Ammonia-Dampfes, welche auf die Zelle einwirkt, sowie 
auch dem Zustande der mitotischen Figuren entsprechend, sind die 
Veranderungen der Teilungsfigur zeitlich sowie auch morphologisch 
sehr verschieden. Als Aggregat der Chrornosomen bilden die Tei- 
lungsfiguren in der Meta- und Anaphase einen homogenen blassen 
Klumpen (Taf. 28, Fig. 15), und in den noch spateren Teilungs- 
stadien verandern sich die mitotischen Figuren. zu einem amitose- 
ahnlichen Chromosomenklumpen oder zu zwei Chromosomenklumpen 
in einer Zelle. 

Die Zellen, welche solche Klumpen der Teilungsfigur zeigen, 
sterben durch die Koagulation meistens binnen einiger Stunden ab, 
jedoch gehen einige erst ein paar Tage spater zu Grunde, Hier 
gebe ich einen Fall zu Protokoll, in welchem der Chromosomen- 
klumpen als Syndiploidkern entstanden ist. 

20. August 1934. Der Innendurchmesser der Mundpipette ist 39 /t . Die 

Teilungsfigur befindet sich in einer Terminalzelle des Haares. 

11:24 Mittlere Anaphase. Photographiert (Taf. 27, Fig. 9). 

11:30 Einsetzen des Zuflusses des Ammonia-Dampfes. Die Chrornosomen quellen 
sofort an, und der Spindelraum sieht homogen aus. Fast gleichzeitig 
setzt die Quellung des Zytoplasmas ein, und die Vakuolen, in welchen 
eine Anzahl sich bewegender Fallungen auftritt, kontrahieren sich 
kugelformig (Taf. 27, Fig. 10). 

12:08 Die Chrornosomen und das Zytoplasma entmischen sich auBerst langsam, 
wobei die Struktur der Chromonemata einzelner Chrornosomen nach 
und nach hervortritt. 

12:58 Infolge der Entmischung treffen die beiden Tochterchromosomengruppen 
zu einem Klumpen zusammen, und seine Struktur ahnelt der eines 
Syndiploidkernes (Taf. 27, Fig. 11). 

21. August. Dieser Syndiploidkern sowie auch der Protoplast erholen sich zum 

ruhenden Zustande der Zelle, aber die Zelle sieht als Ganzes stark 
altersschwach aus (Taf. 27, Fig. 12). 

22. August. Die Zelle ist durch die Koagulation des Protoplasten abgestorben. 

Im Gegensatz zum Syndiploidkern bei den Plasmolyse- und Aus- 
trocknungsversuchen gelangte der Chromosomenklumpen bei diesem 
Experimente schliefilich nicht zur vollkommenen Struktur des Ruhe- 
kernes (siehe Wada 1936a u. 1936b). In der Tat starb dieser dem 
Syndiploidkern ahnliche Chromosomenklumpen zwei Tage nach der 
Behandlung durch die Koagulation des Protoplasten ab. 

Bei der koagulierenden Teilungsfigur beobachtete ich auch eine 
andere interessante Erscheinung. Wenn man eine entmischende 
Teilungsfigur, welche durch die Wirkung des ubermafiigen Ammonia- 
Dampfes hervorgerufen ist, nochmals dem Ammonia-Dampf einige 
Minuten lang aussetzt, so fangt diese Teilungsfigur wieder anzu- 
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quellen an. Dann qiiellen nicht nur die Chromosomen, sondern aiich 
die Zytoplasmabestandteile so auffallend an, dai3 die Zelle von ihnen 
fast vollstandig eingenommen wird und kaum Vakuolen zuriicklafit 
(Taf. 28, Fig. 16). 

Hier miissen wir darauf aufmerksam machen, dafi diese zweite 
Quellimg der Zellbestandteile in keiner Beziehung zu der Vitalitat 
der Zelle steht. Sie findet lediglich als eine postmortale Erscbeinung 
statt. Im Gegensatz zur zweiten Quellung ist die Zelle bei der ersten 
Quellung noch lebend und bemiiht sich dabei, sich zu ihrem normalen 
Zustande zu erholen, wie es in den Versuchen 1 und 2 geschildert 
ist. 

Um die strukturelle Veranderung der angequollenen Chromo- 
somen zu konstatieren, farbte ich einige Teilungsfiguren nach der 
Ammoniabehandlung mit Azetokarmin, wobei sich die eine der 
Teilungsfiguren in dem ersten und die andere in dem zweiten Queh 
lungszustande der Zelle befand. Im Zustande der ersten Quellung 
konnen die Chromonemata einzelner Chromosomen verhaltnismafiig 
leicht verfolg werden (Taf. 28, Fig. 20) . Dagegen tritt im Zustande 
der zweiten Quellung der Zelle eine Anzahl von granular aussehen- 
den Chromonema-Keihen hervor, und diese Reihen ordnen sich 
einigermafien den friiheren Anordnungen der Chromosomen ent- 
sprechend an, wobei sich die Spiralwindungen der Chromonemata fast 
vollstandig auffasern. Daher erscheint ihre Struktur fast gleichartig 
wie die des Ruhekernes. Nur ist die Verteilung der aufgefaserten 
Chromonemata nicht so dicht wie im intakten Ruhekern (Taf. 28, 
Fig. 17) * Die Struktur sowie auch die Entstehungsweise dieser ange- 
quollenen Chromosomenklumpen stimmen mit den „imitation nuclei^ 
von Kuwada und Nakamura, (1934a) bei den Pollenmutterzellen von 
Trades canticL iiberein, daher wird dieser Chromosomenklumpen auch 
von mir fiir einen „imitation nucleus" gehalten, welcher aus den 
Chromosomen der somatischen Zellen entstanden ist. 

SchluB 

Aus den Ergebnissen dieser Versuche kann man schlieOen, dab 
durch die Einwirkimg des Ammonia-Dampfes zuerst die Grundsub- 
stanz der Chromosomen und dann die Zytoplasmabestandteile quellen. 
Weiter ist festgestellt, dab die mafiige Wirkung des Ammonia- 
Dampfes die Chromatinfaden in dem Prophasekerne quellen lafit und 
die angequollenen Chromatinfaden sich zu Chromosomen entwickeln. 
Diese Tatsache bekraftigt die Hypothese in der zweiten Mitteilung 
dieser Abhandlung (Wada 1935, S. 395) , dab die ChromatinfMen 
bei ihrer Entwicklung zu Chromosomen des Quellungswassers, bzw. 
der Quellung derselben, unbedingt bediirfen. Mit anderen Worten 
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gesagt Mngi: die Quellung der Chromatinfaden in der Prophase 
physiologisch mit dem Mechanismus der Chromosomenentwicklung 
zusammen. 

Die Einwirkung des Ammonia-Dampfes bleibt dabei nicht nur 
bei der Quellung der Grundsubstanzen des Chromosoms stehen, son- 
dern scheint sich mir nach und nach auch auf die Substanzen des 
Chromonemas auszudebnen und ihnen Veranlassung zur Aufnahme 
des Wassers zu geben. Daher quellen die Chromonemata selbst auch 
an und entwickeln sich zusammen mit den Grundsubstanzen zu aus-* 
gebildeten Chromosomen (vgl. Kuwada u. Nakamura 1934b). Bei 
der Einwirkung des Ammonia-Dampfes verzogern sich die Fortgange 
der Mitose durch die Quellung der Zytoplasmabestandteile in ver- 
schiedenen Graden, da die Zytoplasmaarchitektur in der sich teilen- 
den Zelle dabei gestort wird und die Zeit verlauft, bevor diese Storung 
sich zum die Teilung waiter ausfiihrenden Zustande erholt. 

Die Quellung des Prophasekernes findet auch in einer hypoto- 
nischen Losung statt. Ich beobachtete eine Zelle in der Prophase 
von Tmdescawtm-Haarzellen im Leitungswasser, wobei der Pro- 
phasekern zuerst anquoll und die Bildung der Chromosomen, sowie 
auch die der Tochterzellen, vollendete. Jedoch verzogerte sich die 
Vollendung der Mitose auff allend, da der Zustand der Zytoplasma-^ 
bestandteile in der hypotonischen Losung bedeutend schlechter ge- 
worden war. 

Auf jeden Fall schliebt sich die Entwicklung der Chromatin- 
faden zu Chromosomen an die Aufnahme des Quellungswassers an. 
Was die Herkunft des Quellungswassers in der Prophase anbetriift, 
vermute ich, dal3 das Wasser hauptsachlich von dem Dispersions- 
mittel der Karyolymphe geliefert wurde. 

Bei den Anstichversuchen der Prophasekerne beobachtete ich 
einen Ausnahmefall, in welchem sich der Prophasekern bei einer 
angestochenen Zelle nach der Quellung nicht zum Chromosomen, son- 
dern zum Ruhekern veranderte (Wada 1932, S. 118) . Die Einwir- 
kung des Anstiches auf den Protoplasten kann keineswegs einfach 
aufgefafit werden, da nicht nur durch den Anstich in der Zelle einige 
physikalische Veranderung'en hervorgerufen werden, sondern es auch 
unvermeidlich ist, dafi wahrend und nach dem Anstiche einige Be- 
standteile ihres Inhaltes verloren gehen. Gleichzeitig wird durch die 
Verminderung des Zell turgors und auch durch die Veranderung der 
Zellpermeabilitat das Gleichgewicht zwischen den Zellbestandteilen 
gestort. Nunmehr wird angenommen, dab sich der angestochene 
Prophasekern leichter zum Zustande des Ruhekernes reduzieren 
wtirde, als die Zelle sich durch das Ersetzen des Verlorenen zu einem 
neuen Gleichgewichtszustand der prophasischen Zelle erholen konnte. 
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Daher kehren die angequollenen Prophasekerne bei der angestochenen 
Zelle zum Ruhezustande des Kernes zuriick. 

Im Gegensatz zu diesen Experimenten erhielten Rosenfeld 
(1933) bei den tierischen Zellen unter der Einwirkung des Ammonia- 
Dampfes im lebenden Zustande der Zelle verschiedene Modifikationen 
der mitotischen Figuren, namentlich Syndiploidkern, zweikernige 
Zelle u. dgl. Die Schwierigkeit des Erhaltens der modifizierten 
Mitose bei den lebenden pflanzlichen Zellen scheint mir nicht auf der 
Verschiedenheit der Eigenschaften der mitotischen Apparate, son- 
dern auf derjenigen der Zytoplasmazustande der beiden Lebewesen 
zu beruhen, da die sich teilenden Zellen von Staubfadenhaaren von 
Tradescantia eben einige Vakuolen enthalt und ihr Zytoplasma durch 
die Ammonia-Wirkung leicht quellbar und bzw. entmischbar ist. 
Diese Eigenschaften des Zytoplasmas wirken auf die mitotische Figur 
schadlich ein und machen es unmoglich, dal3 das Aggregat der Chro- 
mosomen sich zum Ruhezustande des Kernes erholt. 

In seiner Beschreibung hat Rosenfeld auf die Quellung der 
Chromosomen nicht verwiesen. Vielleicht war sein Material zu Mein, 
um die Quellung der Chromosomen im lebenden Zustande der Zelle 
zu konstatieren. 

Das andere wichtige Ergebnis dieser Versuche ist, dal3 unter der 
Einwirkung des Ammonia-Dampfes die Chromosomen und das Zyto- 
plasma leicht, die Spindelsubstanzen dagegen schwer quellbar sind. 
Die Quellbarkeit der Chromosomen und des Zytoplasmas tritt durch 
die Wirkung des Ammonia-Dampfes zweimal hervor, und es ist ex- 
perimentell f estgestellt, dafi die erste Quellung im lebenden, die zweite 
dagegen im postmortalen Zustande der Zelle stattfindet. Weiter kon- 
statierte ich, diesen zwei angequollenen Zustanden entsprechend, 
zwei Typen der Auffaserungszustande der Spiralwindungen der Chro- 
monemata. Die ahnlichen Beziehungen zwischen, der Quellung der 
Chromosomen und der Auft'asserung der Spiralwindungen der Chro- 
monemata haben Kuwada und Nakamura (1934a) bereits durch die 
Wirkung des Ammonia-Dampfes bei den Pollenmutterzellen von 
Tradescantia. festgestellt. 

Im Gegensatz zur chromatischen Figur zeigt die achromatische 
Figur unter der Einwirkung des reinen Ammonia-Dampfes fast 
weder Quellung noch Kontraktion. Daher erleidet die Teilungsfigur 
unter der malSigen Wirkung des Ammonia-Dampfes keine Slcirung 
der Spindelfigur und vollendet nach einer voriibergehender Quellung 
der Chromosomen die Karyo- und Zytokinese vollstandig. Wenn die 
Ammonia-Wirkung durch die Mitwirkung irgend welcher Substanzeji 
die achromatische Figur quellen lassen konnte, so wtirden damit ver- 
schiedene Modifikationen der mitotischen Figur, wie der Syndiploid- 
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kern, die Teilungsumkehr u. dgl., experimentell im lebenden Zustande 
der Zelle hervorgerufen werden (vgl. Wada 1935, S. 391). tjber die 
Zusammenwirkung des Ammonia-Dampfes mit anderen Mherischen 
Substanzen will ich in der Fortsetzung dieser Untersuchimgen 
handeln. 

Zusammenfassung 

1. Mit Hilfe des Mikromanipulators wurde die Einwirkung des 

Ammonia-Dampfes auf die sich teilenden Zellen von Staubfadenhaar 
von Tradescantia, hauptsachlich im lebenden und ziim Teil im 

gefarbten Zustande der Zelle untersucht. 

2. Wenn die Teilungsfigur einer sehr geringen Menge des Am- 
monia-Dampfes ausgesetzt wird, quillt zuerst die Grundsubstanz der 
Ghromosomen und dann das Zytoplasma an. Die Chromonemata, die 
Spindelsubstanz und der Phragmoplast zeigen wenigstens am Anfang 
der Behandlung eine Weile fast keine sichtbaren Veranderungen. 

3. Durcli die, Wirkung einer mafiigen Menge des Ammonia- 
Dampfes wird die Quelkmg der Chromatinfaden und der Ghromo- 
somen, jedoch keine Teilungsumkehr hervorgerufen. Die angequol- 
lenen Ghromatinfaden in der Prophase entwickeln sich zu Chromo- 
somen und vollenden schliefilich die Bildung der Tochterkerne. 

4. Bei, der Wirkung einer libermabigen Menge des Ammonia- 
Dampfes entsteht zuerst die Quellung der Ghromosomen und des 
Zytoplasmas. Dann folgt ihr die Entmischung nach. Infolge der 
Bntmischung stirbt die, Zelle schliefilich durch die Koagulation des 
Protoplasten ab, wobei die Teilungsfigur, als Degenerationserschei- 
nung ein anomales Verhalten zeigt. 

5. Diese koagulierende Teilungsfigur quillt nochmals bei wei- 
terer Behandlung mit Ammonia-Dampf auffallend an. 

6. Beim Quellen des Zytoplasmas tritt eine Anzahl sich bewe- 
gender tropfenformiger Pallungen in den Vakuolen auf, aber sie ver- 
schwinden beim Entmischen des Zytoplasmas ganzlich. 

Botanisches Institut, Naturwissenschaftl. 

September 1936 Fakultat der Kaiserl. Universitflt Tokyo 
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Tafelerklarung 

Alle Mikrophotographien wurden mit Hilfe von Leitz „ Makam ‘‘ unter Be- 
nutzung von Leitz 1/12 01-Immersionsobjektiv und einem periplanen Okular lOx 
aufgenommen und in der GroBe des originalen Negativs reproduziert. Ausfurliche 
Brkiarung der Figuren im Text. VergroBerung ca. 940x . 

Tafel 27 

Fig. 1-4. Wirkung des Ammonia-Dampfes auf Chromafnfaden. 1. Vor der Behand- 
lung Friihe Prophase. 2. Angequollener Zustand der Chromatinfaden 
und des Zytoplasmas. 3. Metakinese. Die Bildung der Chromosomen vol- 
lendet. 4. Ausgebildete Tochterzellen. -o . j 

Fig. 5-8. Wirkung des Ammonia-Dampfes auf Chromosomen. 5. Vor der Behand- 
lung Metakinese. 6, Angequollener Zustand der Chromosomen und des 
Zytoplasmas. In den Vakuolen tritt eine Anzahl von sich bewegenden Fal- 
lungenauf. 7. Spate Anaphase. Die Zytoplasmagliederung hat sich noch 
nicht vollstandig erholt. Ein Spindelpol, der untere in der Figur, dringt 
daher in eine von den vergrdBerten Vakuolen ein. 8. Gegen zwei und eine 
halbe Stunde nach der Behandlung ist die Kern- und Zellteilung vollendet. 
Fig. 9-12. Chromosomenaggregat. 9. Vor der Behandlung. Mittlere Anaphase. 

10. Angequollener Zustand der Chromosomen und des Zytoplasmas. 11. 
Die Chromosomen treifen zu einem Klumpen zusammen. 12. Ein Tag 
nach der Behandlung. In der Zelle entsteht ein Aggregat von Chromo- 
somen. 

Tafel 28 

Fig. 13-17. Zweimalige Quellung einer Teilungsfigur. 13. Vor der Behandlung. Mitt- 
lere Anaphase. 14. Die erste Quellung der Chromosomen und Zytoplas- 
mas. 15. Funf Minuten nach der Behandlung. Entmisehung^ der Chro- 
mosomen und des Zytoplasmas. 16. Die zweite Quellung der Teilungsfigur 
und des Zytoplasmas. 17. Azetokarminfarbung. Die durch die zweite 
Quellung aufgefaserte Struktur der Chromosomen ahnelt der Struktur 
eines Ruhekernes. 

Fig. 18-20. Azetokarminfarbung angequollener Chromosomen. 18. Vor der Behand- 
lung. Mittlere Anaphase. 19. Angequollener Zustand der Chromosomen, 
wobei die Spindel noch ihre Gestalt beibehalt. 20. Azetokarminfarbung. 
Die Spiralstruktur der Chromosomen ist noch erkennbar. 
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Absence of the Y-Chromosome in the Vole, Microtus montebelli Edw. 
with Supplementary Remarks on the Sex-Chromosomes 
oi Evotomys Apodemus^^ 

By 

Kan Oguma 

Zool. Inst., Hokkaido Imp. Univ., Sapporo 
( With 3 Text figures and one Plate ) 

Shortly after publication of the present writer’s work (1935) 
on the sex-chromosomes of a vole, Evotomys bedfordiae, in which the 
absence of the Y-chromosome was observed, Matthey and Renaud 
(1935) produced a short account of the sex-chromosomes of 
Evotomys glareohis, announcing", in contrast to the present author’s 
results, the existence of the Y-chromosome as a mate of the X, and 
emphasizing, at the same time, the idea of the constant occurrence 
of the XY-type of sex-chromosomes through all kinds of Mammalia. 
Such an idea has already been elaborated by many cytologists since 
Painter (1925) claimed it for the first time. 

Adverse to such an opinion, the writer holds that the sex-chro- 
mosomes of Mammalia may sometimes be XY-type, or sometimes 
XO-type, as in the course of more widely extended observations 
examples were found in which the Y-chromosome is really absent. 
Especially among the rodents, Apodemus speciosus ainii (1934) and 
Evotomys bedfordiae (1935) exhibit XO-type of the sex-chromosomes 
as the writer believes in striking contrast to species belonging to 
the genera Rattus and Miis, in which 'also the XY-complex of the 
sex-chromosomes was found by the present writer. 

It is not surprising to the writer to know that his statements 
obtained from Apodemus and Evotomys may sometimes be con- 
sidered by some authors as if resulting from an erroneous inter- 
pretation, because, they certainly disturb to a great extent the idea 
of the constant occurrence of the Y-chromosome throughout a definite 
systematic group of animals. But the writer still feels, after re- 
peated observation of his slides, that no revision or alteration of his 
ideas is necessitated. Furthermore, the writer’s chromosome survey 
of Japanese wild Muridae has been extended to discover one more 
example in which the Y-chromosome is certainly absent. That is a 

1) Contribution No. Ill from the Zoological Institute, Faculty of Science, 
Hokkaido Imperial University. 
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vole possessing the scientific name, Microtus montebelli Edw.,^) be- 
longing to the subfamily Microtinae together with Evotomys and 
Arvicola. The vole lives in farms in the main island of Japan and 
is well known not only from its injurious effect on crops but also as 
the propagator of certain local epidemics. It is the chief purpose 
of the present paper to communicate what could be observed in the 
chromosomes of this species of Muridae, but some additional com- 
ments will be made upon previous results obtained from the studies 
on Evotomys and Apodemus, as they have connection with the 
present findings. 

Morphological analysis of spermatogonia! chromosomes 

It will be sufficient to show here four metaphase plates of 
spermatogonia of the best fixation, selected from four different in- 
dividuals, in order to determine the chromosome number 2n, 
characteristic to the vole now dealt with (Text fig. 1, A-D ; PI. 29, 
Figs. 1-3) . Without the slightest ambiguity, thirty-one chromosomes 
(an odd number) can be counted in every single garniture shown 
in the figures. The same number is further proved in many other 
spermatogonia which are not here reproduced, and it will be noticed 
that this is one of the smallest number so far recorded from Mam- 
malia {vide infra) . In addition to such a small number, the chro- 
mosomes, as well as the cell in which they are included, are remark- 
ably large in size. This, therefore, makes the counting very easy 
and allows further morphological analysis, by which the homologous 
mates are discriminated. The chromosomes assume V-shape in 
majority, in striking contrast to all other species of Muridae hitherto 
studied, except one case, Arvicola scherman,-'> in which similarly 
shaped chromosomes have recently been informed by Matthey and 
Renaud (1935) . In the figures shown in Text fig. 1, the present writer 
has tried to label with a’s to o’s the thirty autosomes constituting 
fifteen pairs, after close comparison of their size and shape, and 
one X for the single sex-chromosome. 

1) Material was collected and prepared at Niigata through the cordial 
assistance of Dr. K. Ikeda, to whom sincerest thanks are now expressed. 
Fourteen testes obtained from seven adult males were fixed by (a) Flemming, 
without acetic acid and (b) Champy, but the best figures of chromosomes were 
confined in material treated with the former fluid. Sections were stained by 
iron haematoxylin after Heidenhain with counter staining of light green. 

2) In their original paper Matthey and Renaud (1935) adopted the name 
Arvicola scherman terrestris L. But the species employed by them as the 
material of their study seems to have correctly the name Arvicola scherman 
exitus Miller, indigenous to Switzerland (cf. Miller’s Catalogue of the Mammals 
of western Europe, pp. 746-749, 1912, and Hinton’s Monograph of Voles, pp. 410- 
414, 1926). 
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Chromosome pair a. They are sharply characterized by their 
exceedingly huge size as compared with the remainder, presenting a 
V-shape with two arms of considerably different length, the fibre 
attachment being submedian. The longer arm usually extends twice 
as long as the shorter (In Text fig. 1, A, one of the a’s, found in 
upper left hand quarter, appears to be mediomitic by the apparent 
shortening of the longer arm, of which the terminal part is bent in 
the direction of vision). In equatorial arrangement they are found 
in major cases at opposite positions in the peripheral zone 'though 
approaching in some instance as Text fig. 1, C. 

Chromosome pairs b to k. These twenty chromosome constitut- 
ing ten homologous pairs are also represented by V’s but considerably 
smaller than the a’s. They show gradatory diminution of length from 
b to k in alphabetical order, with the apicis of the V’s directed to- 
wards the center of the equator. Every two chromosomes regarded 
as homologous usually lie near each other with occasional exceptions. 
Among these ten pairs some possess a median fibre attachment or 
mediomitic, having two arms of equal length, while some are of sub- 
median attachment, having consequently two arms of different length. 
It is not absolutely certain at present how many pairs out of the ten 
belong to the former kind, but two pairs b and c, at least, seem in- 
variably to have arms of equal length. In some of the latter kind a 
terminal constriction in the longer of one V can frequently be ob- 
served, A terminal portion, thus constricted off from the main bulk 
of the arm, becomes occasionally separated from the latter having 
an achromatic connection. Chromosome pairs d and g (Text fig. 1, C) 
for instance show very clearly such occurrence, and as the satellite 
structure in chromosomes of some rodents as squirrels as described 
by Gross (1931) is recalled. 

Chromosome pair 1. These chromosomes may sometimes be 
longer than the k, but they have a subterminal fibre attachment, 
instead of submedian as those of the preceding category, and thereby 
assume a J-shape with terminal bendings. 

Chromosome pair m. They seem like telomitic rod-chromosomes 
with a constriction near one extremity in each. At the point of 
constriction they bend to give rise tO' the J-shape as chromosomes 1, 
in approximately the same frequency with the case where they do not 
show bending (Compare m’s in Text fig. 1, A-D) . It is not certain 
at present whether they should be classed as telomitic chromosomes 
or atelomitic ones in which the spindle fibres should be found at the 
point of constriction. 
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Chromosome pair n. They show also an ambiguous figure in 
respect to fibre attachment as do chromosomes m. With most 
probability, however, they are telomitic rod-chromosomes having 
satellite structure at one extremity, although this structure becomes 
obscure when the chromosomes acquire heavy condensation (Text fig. 
1 , A). 



Text fig. 1. Microtus montebelli. Chromosomes in metaphase of spermatogonial 
division (polar view). xca 5500. 


Chromosome pair 0. The smallest chromosomes thus designated 
by the letter “0”, are obviously rod-chromosomes with a terminal 
attachment of spindle fibre. They attain a length not more than 
one third that of chromosomes n, and by this minor size they show 
so striking feature in a spermatogonial garniture as the w-chromo- 
somes, which are not noticeable in any species of Muridae. Cor- 
responding to the w-chromosomes in other kinds of animals these 
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“o” chromosomes of minute size always arrange themselves at the 
central region of the equatorial plate. 

To summarize the above descriptions the whole thirty chromo- 
somes in fifteen pairs are classified into three different kinds in their 
apparent configuration as follows: 

V-chromosomes (V’s), a, b, c, d, e, f, g, h, i, j, k, 
J-chromosomes (J’s), 1, m. 

Rod-chromosomes (R’s), n, o. 

In the V’s the spindle fibre attaches beyond doubt at the bent 
point or on the apex of the V, while in the R’s it is inserted at the 
terminal part as indicated telomitic. The J’s, on the contrary, may 
or may not have the fibre attachment at the point of bending. In 
the 1 chromosomes for instance the fibre attachment seems with all 
probability to be subterminal, but in the m’s the matter is different, 
for, in a large number of cases the entire body of the chromosome 
is stretched into a straight rod, showing no bending, and the terminal 
globular parts are invariably directed to the center of the equatorial 
plate as ordinary R’s do, but in minor cases they clearly show bend- 
ing and thereby present the J-shape. If the essential structure of 
the m’s be telomitic, then the J-shape thus produced can not be ac- 
counted for otherwise than as a temporal and superficial figure, and 
it should be distinguished from the true J’s of atelomic nature. 

Sex-chromosome. After labelling a’s to o’s for the fifteen pairs 
of autosomes as mentioned above, there is eventually left a single 
chromosome destitute of its synaptic mate. This corresponds to the 
sex-chromosome as labelled “X” in the figures. The X-chromosome 
thus identified is found in major cases (though not absolutely) on 
the peripheral zone of equatorial arrangement of chromosomes. In 
respect to size it belongs to the chromosome of medium size with 
approximately similar magnitude to the J-chromosomes, and assumes, 
without exception, a V-shape, of which one arm is remarkably longer 
than the other arm. It has a characteristic of remaining somewhat 
vague in contour or not heavily condensed as compared with the 
autosomes. Moreover, special attention should be called to the fact 
that in the longer arm of this V-shaped X-chromosome are frequently 
visible two partial swellings of chromatin (Text fig. 1, C), which are 
almost universally observable in X-chromosomes of Muridae as well 
as in that of man, and will be referred to again later. 

There is no other sex-chromosome corresponding to the Y-chro- 
mosome. The figures shown in Text fig. 1 are so clear as to show 
imdoubtedly the absence of the Y, and in reality the diploid group of 
chromosomes does not involve a sex-chromosome in addition to the 
X, showing an odd number 31. 
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Tetrads and the X-chromosome in the primary 
spermatocytes 

When observed from the pole of division the primary sperma- 
tocyte always shows sixteen chromosomes, of which fifteen are 
bivalent autosomes or tetrads and the remaining one is the univalent 
X-chromosome (Text fig. 2, A and B). The former present very 
characteristic and different forms from those of ordinary Rattus or 
Mus. A majority appear like thick crosses, or, to put it otherwise, 
one bivalent is composed of two thick V’s connected with each other 
of their apices. A few, however, still take the form of horizontal 
rings which usually occur in descendants of simple rod-chromosomes 
found in other species of Muridae. The smallest chromosomes, the 
o’s, are of course noticeable as the smallest bivalent with the 
appearance of a solid dumbbell. 

In striking contrast to those bivalents described above, the X- 
chromosome remains in univalent condition destitute of its synaptic 
mate, and in good preparations it is sharply distinguished from the 
autosome bivalents not only by its V-shape but also by its less affinity 
to haematoxylin. In well differentiated preparations it takes a gray 
colour while the autosomes are stained deep black (Text fig. 2, A) . 
Such a peculiarity in respect to stains has been known in many dif- 
ferent kinds of animals covering both vertebrata and invertebrata. 
Before trying further descriptions of its morphology the autosomes 
will be described from the side of equatorial arrangement. In profile 
the essential structure of the bivalents will first clearly be under- 
stood, especially in rather strongly destained preparations (Text- 
fig. 2, C; PI. 29, Fig. 4). In short, most of them belong to vertical 
ring-tetrads, similar to those of urodelan Amphibia, but there are 
produced many variations caused chiefly by the occurrence of 
chiasmata. 

Now to continue about the morphology of the X-chromosome in 
metaphase. As already known from the polar view of the metaphase 
plate, the X-chromosome takes a V form, and the two component 
arms differ from, each other in thickness as well as in length. The 
thicker arm is always longer than the thinner one, the former assum- 
ing a clavate shape while the latter usually keeps the same diameter 
throughout its entire length (Text fig. 2, A, D and F; PI. 29, Figs. 5 
and 7) . The former corresponds to the distal segment and the latter 
to the proximal segment in terminology of the segmentary structure 
of X-chromosomes as is discussed in another paper (in press). The 
present writer has described in that paper, how in the X-chromo- 
some of man and rodents the distal segment is frequently subdivided 
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into two distinct parts, Di and D. , while the proximal segment always 
remains in single P, which may sometimes grow thinner having a 
small spherical swelling at the extremity, or sometimes become con- 



Text fig. 2. Microtits montebelli. Chromosomes in metaphase and anaphase of primary 
spermatocytes in division, xca 6600. A and B, metaphase, polar view. C, D, E, F, 
metaphase, lateral view. G and H, anaphase, lateral view, notice the lagging 
X-chromosome of pale colour. 

verted into a comparatively large globule at the expense of the 
elongate part. It is in the latter case that the P-segment is very 
frequently regarded as if it were the y-chromosome. A feature, suit- 
ing the above descriptions, can also be discovered in the case of the 
present vole. The X-chromosome shown in Text fig. 1, E (= PL 29, 
Fig. 6) for instance, strongly resembles the XY-complex, but in 
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reality the two contiguous segments (upper part) represent the Di 
and the D. parts, while the single segment (lower part) having 
chromatic connection with the former is nothing more than the P- 
segment, not to be considered as the Y. It is of great importance to 
know that such a tripartite structure, Di-Da-P, can be followed 
back to the spermatogonial stage (Text fig. 1, C). In case where 
the chromosomes are too much destained and therefore become thin- 
ner in general, one will not overlook the presence of the proximal 
granule at the junction of Di and P (Text fig. 2, C and H; PI. 29, 
Fig. 4). 

In parallel to the tripartite structure displayed by the X-chro- 
mosome in question, it is very important to observe in detail its 
behavior during meiosis. Up to the commencement of the separation 
of dyads, the X-chromosome occupies its position on the same plane 
with tetrads, hesitating to move to the pole with the separated dyads 
(Text fig. 2, G) . When the latter approach, however, to the poles of 
division to which they belong, the X-chromosome starts to follow 
after one of the daughter groups of chromosomes (Text fig. 2, H); 
No disintegration occurs between the D- and P-segment of the X- 
chromosome, as both two component segments, with a proximal 
granule between them, are clearly observable in the same configura- 
tion and constitution as in the previous stage (Text fig. 2, G). By 
this phenomenon it will be made absolutely clear that the P-segment 
is by no means to be considered the Y-chromosome, but merely a 
definite part of the X-chromosome, discriminated as the P-segment 
by the present writer. 

Discussion 

On the chromosome number. To the author of this paper it 
came as a surprise when Krallinger (1936) informed the chromo- 
some number of Pecari tajacu, in which he found only 30 chromo- 
somes in diploid, a small number incomparable with any species of 
Eutheria hitherto recorded. But soon Roller (1936) discovered the 
still lower chromosome number, 28, in the grey squirrel, Sciurus 
carolinensis leuconotus. Thus our knowledge on the chromosome 
number has gradually been accumulated and the previous idea con- 
cerning the fundamental number of Eutheria chromosomes had 
necessarily been altered and revised. At present 28 found in the 
gray squirrel holds, at any rate, as the lowest chromosome number in 
Eutheria, followed by 30 in Pecari and then the number 31 now found 
in the vole, Microtus montebelli. 

Knowledge on chromosomes of any species belonging to Microtus 
has been very meager, as only a short account is available from one 
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of American species, Microtus townsendii, by Cross (1931) who 
reports the chromosome number (2n) of this species as 50, of which 
all appear as rods and spherules. In the present species, Microtus 
montebelli, on the contrary, the chromosome number is remarkably 
lower being only 31, and a majority of the chromosomes are repre- 
sented (at least eleven pairs from a to k) by V’s which may probably 
be multiples. As these eleven pairs may be explained as multiples, 
however, the chromosome numbers of these two different species can 
closely approach each other, by analysing each V into two rods. Such 
an analysis of V-chromosomes seems to be more reasonable when 
an attempt is made to compare the present species with Evotomys 
bedfordiae, in which the writer has already recorded (1935) 55 chro- 
mosomes of rod-shape. For, if the twelve pairs of V and J chromo- 
somes, a’s to I’s, be considered as multiples, then there is obtained 
48 R’s (rods) by breaking every individual V into two R’s. This 
number 48 will suffice to give rise to the number 55, similar to that 
of Evotomys bedfordiae, by adding 6 remaining autosomes, (m’s, n’s 
and o’s) and one X-chromosome. But there remains a great doubt 
whether the chromosomes m’s are essentially rod-chromosomes or 
whether the I’s are in reality multiples. 

In respect to chromosome morphology, Microtus montebelli is 
much more closely allied to Arvicola scherman studied recently by 
Matthey and Renaud (1935) than to the American Microtus studied 
by Cross (1931) and Evotomys. Because, they found 36 chromosomes 
in Arvicola scherman, a majority of which being V-shape. Their 
information, to the regret of the present writer, is confined to a very 
short note, not extending so far as to allow any morphological analysis 
and therefore it is impossible to know at present how many V’s are 
actually present in a garniture of chromosomes. 

On the problem of the sex-chromosomes. As stated in the intro- 
duction to this memoir, the present writer holds the view, adverse 
to most investigators of Mammalian chromosomes, that the formula 
of the sex-chromosomes varies in Mammalia either XY or XO in 
different species, and it seems very questionable whether the chro- 
mosome which is interpreted as XY-complex by some authors is 
always in reality of a multiple nature composed of two distinct chro- 
mosomes X and Y, or whether it merely possesses an appearance of 
a multiple chromosome as a result of segmentary construction. 

It is beyond doubt clear that in figures of spermatogonial chro- 
mosomes reproduced in the present paper no one can count 32 chro- 
mosomes instead of 31. What is meant by this fact of an odd num- 
ber of chromosomes? Moreover, the X-chromosome, thus identified 
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by the writer, is constantly found in auxocytes with a constant con- 
figuration. In striking contrast to this, Matthey and Renaud (1935) 
found 36 chromosomes (diploid number) in Arvicola scherman, 
without any difficulties according to their statement, and one XY- 
complex, composed of two distinct chromosomes connected hout a 
bout, in the reduced garniture of chromosomes in the auxocyte. The 
writer does not know whether such a discrepancy is due to the 
taxonomical differences existing between an oriental and an occi- 
dental species of voles. 

On the contrary, however, they doubt the writer’s previous ac- 
count of Evotomijs bedfordiae, in which were described and figured 
55 distinct chromosomes in the spermatogonium, as they presume 
the chromosome number of Evotomys glareolus to be probably 56 
(they could not actually count it) . They say that in auxocytes il est 
aise d’identifier un couple XY. At present, the writer is quite 
ignorant of the morphology of that complex, as their memoir has no 
accompanying figures. If there exists homology between their species 
and the writer’s, however, they might have considered the minute 
globular body attached to one end of X as a distinct Y-chromosome. 
That minute body with a globular appearance denotes, so far as 
observed in Evotow/ys bedfovdioe, nothing other than the proximal 
granule to which the spindle fibre comes tO' attach itself. Because, 
if it be the Y-chromosome as they may interprets, eventually one 
extremely minute spherule in the spermatogonial garniture should 
be discovered, but unfortunately the writer can not find at all such 
a chromosome corresponding to that minute spherule (see previous 
paper, 1935, Figs. 25 and 26), 

On closing of present discussion it seems necessary to the writer 
to touch on the problem of the sex-chromosomes of Apodemus, since 
he recorded (1934) for the first time that in Apodemus speciosus 
ainu the sex-chromosome separates postreductionally in a quite dif- 
ferent manner from cases hitherto known in Mammalia, A similar 
behaviour has also been ascertained to occur in sex-chromosomes in 
several other species of Apodemus, by Tateishi (1934) , Raynaud 
(1936) and Matthey (1936a, 1936b). But all these authors hold the 
view, different from the present writer’s, that the short arm of the 
V-shaped sex-chromosome represents the Y-element of an XY-com- 
plex, instead of being a part of a single X-chromosome, as the writer 
holds. The writer’s opinion is based upon two valid facts: (1) both 
arms, long and short, of a V-shaped chromosome develop within 
one and the same chromosome vesicle, and (2) the diploid number 
of chromosomes found in the spermatogonium is 47, among which is 
invariably observed one V-shaped chromosome with a correspondent 
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configuration to some extent with the sex-chromosome in auxocytes. 
In the writer’s previous paper (1934) the spermatogonial garniture 
of chromosomes was shown by only one example. It is with reference 




Text fig. 3. Apodemus speeiosus ainu. Chromosomes in m 
division (polar view). XcaSOOO. X-chromosomes are inc 
not distinguishable in F , for all chromosomes are e 

to this case that Matthey (1936a, 1936b) ex 
to accept the writers interpretation, including 
exist cells in which 48 chromosomes compose s 




G 


w - 0 


4 '% 








crS^V 


c::5^0.<^o o 
0 <?) 




1937 Absence of the Y-chromosome in the vole, Microtus montebelli Edw. etc. g07 

Raynaud (1936) actually sketches from Apodemus sylvaticus (only 
one figure is shown by the latter author and no V-shaped chromosome 
is visible) . The single figure shown in the writer’s previous paper 
does not represent the sole example from which the conclusion was 
drawn, but is only one representative out of a great many cells of 
best fixation under close observation. On the present occasion, there- 
fore, the writer wishes to publish here, with a supplementary purpose, 
some of his sketches of spermatogonia (Text fig. 3; PI. 29, Figs. 8-10) 
from the same material, in which every single garniture is invariably 
composed of 47 distinct chromosomes and in most of them is noticed 
a chromosome having a more or less V-shape (solid black in figures) 
and without any apparent mate. 

Thus the writer’s comparative study of rodents results in a con- 
clusion that the Y-chromosome is really absent in one field mouse, 
Apodemus speciosus ainu, and two voles, Evotomys hedfordiae and 
Microtus montehelli. This is striking contrast to the house mouse, 
Mus molossinus, and the rats, Rattus norvegicus and Rattus ruttus, in 
all which species the Y-chromosome is proved to exist. It is advisable 
to any one who investigates the Mammalian sex-chromosomes, before 
he decides to explain a small chromatic segment as the Y-chromo- 
some, that he should pay special attention to the segmentary struc- 
ture of the X-chromosome as discussed in detail in another paper by 
the present author (in press) in connection with the human sex- 
chromosome. The X-chromosome seems in general to show a tripar- 
tite structure not only in man and in rats, but also in species of 
Lepus a.s have recently been studied by Tateishi (1936). Occasion 
will be found in the near future to discuss again the problem of the 
sex-chromosome, because a study of the chromosomes is going on in 
another species of Apodemus, indigenous to Japan. 
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Explanation of Plate 29 

All photomicrographs were taken under magnification x2000. 

Miorotus montebelH 

Figs. 1- 3, Spermatogonial chromosomes (polar view). 

1. corresponds with Text fig. 1, A 

2. „ „ „ „ B 

3. „ „ „ „ C 

Figs. 4~ 7. Chromosomes of primary spermatocytes (profile), a- denotes the 
X-chromosome. 

4. corresponds with Text fig. 2, C 

5- j. ,, D 

6. ,, ,, „ ,, E 

7. „ „ F 

Apodemus speciosus ainu 

Figs. 8~10. Spermatogonial chromosomes (polar view). 

8. corresponds with Text fig. 3, K 




O gu m a : Absence of tbe Y-Chromosome in the Vole, Microtus montehelli 
Edw. with Supplementary Remarks on the Sex-Chromosomes of 
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Sur la coloration vitale des vacuoles par le rouge neutre dans 
les cellules du protonema de ‘‘Polytrichnm commune*^ 

par 

A. Guiliiermond 

Rappelons qu’a la suite d’importantes recherches faites a Taide 
des colorations vitales au rouge neutre, Parat et ses collaborateurs, 
puis ensuite beaucoup d’autres auteurs ont mis en evidence la presence 
de vacuoles dans les cellules animales les plus diverses, ou jusqu’alors 
on ignorait la presence de ces elements, Ces vacuoles sont generale- 
ment a I’etat de petites inclusions disseminees dans le cytoplasme et 
formees par une solution colloidale tres concentree, c’est-a-dire assez 
semblables a celles que Ton observe dans les cellules embryonnaires 
des vegetaux; dans quelques cas cependant, elles peuvent etre volu- 
mineuses, a contenu liquids et presenter le meme aspect que dans les 
cellules vegetales adultes. 

Ces donnees ont ete Fob jet de contestations, notamment de la part 
de Beams qui admet que les cellules animales ne renferment normale- 
ment aucune vacuole et que les inclusions qui ont ete decrites au moyen 
de colorations vitales par le rouge neutre sont des vacuoles artificielles 
creees par le colorant. 

Eliot Weier a essays recemment de transporter la theorie de 
Beams dans le domains de la cytologie vegetale. Get auteur a etudie 
Faction du rouge neutre sur les cellules du protonema de Polytrichum 
commune. Or, il a constate que ce colorant amene d’abord la forma- 
tion de granulations fortement colorees dans le cytoplasme autour de 
la vacuole et non dans son interieur. Ces granulations, qiFil assiniile 
aux vacuoles artificielles de Beams et aux vacuoles de Parat, grossis- 
sent peu a peu, puis emigrent ensuite dans la vacuole ou elles se dis- 
solvent en provoquant la coloration diffuse du sue vacuolaire. Bien 
que la coloration vitale des vacuoles dans les cellules vegetales soit 
aujourd’hui un fait demontre qu’il n’est pas possible de contester,^) 

1) Nos recherches faites sur les vegetaux les plus divers ont prouve que le 
rouge neutre ne provoque jamais aucune production artificielle dans le cyto- 
plasme qu’il traverse sans le colorer pour s’accumuler exclusivement dans la 
vacuole. Elles ont demontre egalement que les colorants vitaux, en particulier 
le rouge neutre sont aussi peu toxiques que possible. Nous avons pu, en elfet, 
realiser la culture d’un Saprolegnia en milieu nutritif additionne de rouge neutre 
et observer devolution des vacuoles colorees pendant tout le developpement du 
Champignon, depuis la germination des zoospores jusqu’a la formation des zoos- 
poranges. Enfin, nous avons egalement obtenu la germination des graines de 
Tabac ( Guilliermond, Dufrenoy et Labrousse) et des graines d’Orge dans des 
solutions de rouge neutre (Guilliermond et Obaton). 
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nous avons tenu a reprendre les observations d’Eliot Weier siir les 
cellules du protonema de Poly trichum commune. 

En colorant vitalement par le rouge neutre les cellules de ce 
protonema et en suivant sous le microscope la marche de la colora- 
tion, nous avons pu constater la formation immediate au sein de la 
vacuole et non du cytoplasms, de nombreuses granulations fortement 
colorees et animees de mouvements browniens ; celles-ci, d’abord tres 


petites, grossissent peu a pen en se fusionnant les unes dans les autres, 



puis viennent s’accoler sur le bord de la vacuole; 
dans quelques cas meme, elles peuvent emigrer 
dans le cytoplasms perivacuolaire (Fig. 1). Si 
le colorant se trouve a un certain degre de con- 
centration, ces granulations finissent par se dis- 
soudre dans le sue vacuolaire et determinent la 
coloration diffuse de la vacuole. Tels sont les 
phenomenes que nous avons pu suivre sous le 
microscope et qui montrent I’inexactitude des 
observations d’Eliot Weier. Nos observations 
prouvent done, de la maniere la plus nette, que 
les granulations formees sous Faction du rouge 
neutre ne sont pas localisees dans le cytoplasms, 
mais dans la vacuole elle-meme et resultent de 
la fioculation d’une substance colloidale se trou- 
vant en pseudo-solution dans le sue vacuolaire. 

Fig. 1. Fragments de filaments de protondma de Poly- 
trichum commune colores vitalement par le rouge neutre— 
1 ; dans la cellule inferieure les vacuoles ont forme dans 
leur interieur des granulations fortement colordes et ani- 
mees de mouvements browniens— les autres vacuoles du 
filament renferment des granulations fortement colorees 
et ont en meme temps leur sue teint de maniere diffuse; 
dans la cellule superieure, il n'y a pas de granulations, 
mais seulement une coloration diffuse du sue vacuolaire ; 

2— les granulations formees sous Taction du colorant se 
sont fusionnees et forment des calottes aux poles des 
vacuoles dont le sue est deja colore d’une maniere diffuse, 

3— Les precipites vacuolaires tendent a emigrer dans le 

cytoplasms perivacuolaire. 


Les phenomenes se passent dans les vacuoles du protonema de 
Poly trichum commune exactement comme dans les Levures et dans la 
plupart des Champignons, Dans des recherches, qu’Eliot Weier 
semble ignorer, nous avons decrit, en effet, avec beaucoup de 
precision, dans divers Champignons {Penicillium glaucum, Oidium 
lactis et surtout dans le Saccharomycodes Ludivigii) , en les suivant 
sous le microscope, les diverses phases de la -coloration vitale. Celle-ci 
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commence d’abord par la production, dans la vacuole, de nombreiises 
et tres fines granulations fortement colorees et animees de mouve- 
ments browniens (Fig. 2) ; ces granulations se fusionnent ensuite 



Fig. 2. Cellules de Saccharomy codes Ludwigii observeeS sous le microscope, pendant 
la coloration vitale par le rouge neutre. A— 1 ; ddbut: formation dans la vacuole de 
nombreuxprecipites fortment colores. 2et3: les prdcipites se fusionnent et s’accu- 
mulent centre la paroi de la membrane vacuolaire. 4 et 6 : dissolution des precipites 
et coloration diffuse du sue vacuolaire. B : Debut : precipitation du colloide. 2 et 3 : 
fusionnement des grains. 4 ; dissolution des precipites. 

les unes dans les autres pour former un petit nombre de gros globules 
(souvent un seul), qui viennent s’accoler sur le bord de la vacuole 
dont ils epousent le contour, prenant la forme de croissant, puis finis- 
sent par se dissoudre en communiquant a la vacuole toute entiere 
line teinte rouge diffuse qui s’accentue progressivement par accumula- 
tion du rouge neutre. 

Nous avons. montre toutefois que pour que toutes ces phases suc- 
cessives de la coloration s’accomplissent, il est necessaire que le rouge 
neutre se trouve a une concentration suffisante dans la solution : si la 
coloration est f aite avec une solution tres diluee du colorant, il y a 
simplement formation, dans la vacuole, de nombreuses granulations 
animees de mouvements browniens et souvent, par suite d’un 
phenomene physique qu’il resterait a expliquer, une partie de ces 
granulations pent emigrer dans le cytoplasme perivacuolaire (Fig. 3). 
A une concentration plus forte de rouge neutre, on constate simple- 
ment la confluence de ces granulations en un petit nombre de globules 
plus gros et, enfin, une concentration un peu plus elevee encore pro- 
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voque la dissolution de ces globules et la coloration totale de la vacuole. 
Nous avons compare ces phenomenes au schema decrit par von 

Mbllendorff de la coloration vitale des 
cellules animales par le rouge neutre. 
Ce savant a montre que dans ces 
cellules le rouge neutre s’accumule dans 
de petites inclusions colloidales fluides du 
cytoplasme (vacuoles de Parat) dont il 
provoque la floculation de la substance 
colloidale sous forme de precipites forte- 
ment colores, suivie ensuite de la redis- 
solution des precipites et de la coloration 
totale de rinclusion. Von Mbllendorff 
explique les phenomenes en , admettant 
que le colorant basique provoque la flocu- 
lation du colloide acide de Finclusion 
cytoplasmique, puis que, si le colorant se 
trouve en exces sur le colloide de I’inclu- 
sion, il lui communique sa charge d’ou 
redissolution du precipite (Fig. 4). 

Il semble que le raisonnement de 
yon Mollendorff peut etre applique a la 
coloration vitale des vacuoles des Cham- 
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Fig. 3. A : 1— debut de la colo- 
ration vitale par le rouge neutre 
dans un fragment de filament 
d'Oidmm lactis ; 2: les preci- 
pites emigrent de la vacuole 
dans le cytoplasme. B : Debut 
de la coloration vitale dans une 
vacuole : formation de preci- 
pites dans la meme vacuole et 
emigration de ceux-ci dans le 
cytoplasme. Ce phenomene s’ 
observe surtout quand le colo- 
rant eat' a I’etat de solution tres 
diluee. 


pignons et des cellules de Polytrichum commune. 





/ 


Fig. 4. Schema de la coloration vitale dans les cellules animales par von MdllendotfE : 
1, 2 et 3: inclusions fluides du cytoplasme: debut de la coloration et formation de 
precipites colores dans Finclusion. 4 : dissolution des precipites. 

Cependant, le schema de von Mbllendorff ne saurait etre gene- 
ralise, car il ne s’applique pas a la coloration vitale des vacuoles de 
certains Vegetaux. Il y a, en effet, des cellules, comme celles notam- 
ment des racines d’Orge et de Ble, les epidermes de divers organes 
de Lis etc,, dont les vacuoles semblent renfermer surtout une pseudo- 
solution de phospholipides ou un complexe phospholipides-stbrides, 
dans lesquelles le rouge neutre ne provoque ordinairement la forma- 
tion d^aucun precipite: dans ces cellules, la coloration diffuse de la 
vacuole s’etablit d’emblee. Les colorants vitaux etant plus solubles 
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dans les phospholipides et les sterides, on pourrait envisage! im co- 
efficient de partage de ceux-ci (Reilhes) . II semble done que la colora- 
tion vitale des vacuoles ne s’effectue pas tou jours par le meme meca- 
nisme et depend de la nature chimique des substances colloidales qui 
se trouvent en pseudo-solution dans le sue vacuolaire, substances qui, 
ainsi que nous I’avons demontre, different du tout au tout d’un type 
de cellules a Tautre. 

Quoiqu’il en soit, on voit done que les observations d’Eliot Weier 
sont inexactes et nous pensons qu’il en est de meme de cedes de 
Beams, car nous avons observe bien souvent, dans diverses cellules 
animales par des colorations vitales au rouge neutre, des vacuoles 
tout a fait semblables a cedes que don trouve dans les cellules 
embryonnaires des Vegetaux et qui ne sauraient etre considerees 
comme provoquees par le colorant, ce qui confirme les resultats, 
d’aideurs tres solidement etablis, de Parat et d’autres auteurs. 
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Chromosome Studies in Cyperaceae, I 

By 

Nobunori Tanaka 

Tokyo Imperial University 

From the cytological point of view the Cyperaceae present 
several specific features among Angiosperms. One of these features 
is found in the development of their pollen grains. The pollen 
mother cell undergoes a meiotic division usually which results in 
four tetrad nuclei of which only one develops to become a normal 
pollen grain, while the remaining three degenerate (11) . In the pollen 
grain generative and vegetative nuclei are produced by the primary 
nuclear division (cf. 1, 14, 15, 16). Another striking feature lies 
in the chromosome numbers. Thanks to Heilborn, Hakansson, Hicks 
and others the chromosome numbers in this family have, become 
widely known. However, it has been worthy of notice, from the 
view points of chromosome evolution or species^ formation, that the 
nunibers found in this family were not generally multiples of any 
basic numbers. The cause and nature of this phenomenon have been 
considered and discussed from different quarters by many authors 
but seem to remain as yet unsettled and require adequate explana- 
tions hased on further observations. ' In Japan plenty of Cypefacean 
plants are found most of which have not been submitted to cytological 
investigations; On this occasion a preliminary report is made on the 
chromosome numbers of 19 species and 3 varieties. 

Materials and Methods 

Materials were taken from the plants grown either cultivated 
or wild in the Koisikawa Botanic Garden of Tokyo Imperial Uni- 
versity, though some were collected in other localities. The inflores- 
cences were fixed with Carnoy’s fluid for several hours. After being 
washed in 95% alcohol, they were preserved in 75% alcohol until 
necessary. 

From the preserved inflorescences the anther sacs were taken 
out with needles under the magnifying-glass. After addition of a 
drop of aceto-carmine, they were covered with a cover glass on which 
a slight pressure was applied with the tip of the needle. The cover 


1) Contributions from the Divisions of Plant-Morphology and of Genetics, 
Botanical Institute, Faculty of Science, Tokyo Imperial University, No. 184. 
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glass was sealed with paraffin. The preparations thus obtained could t 

be used for observation over a period of 3 weeks. [ 

All camera-lucida drawings were made from such aceto-carmine / 

preparations, magnifications being X 1600 and x 1300 reduced one | 

half in reproduction. | 

Observations | 

Bulbostylis | 

Concerning this genus no cytological investigations have hitherto ; 

been made so far as the writer is aware. I 

Bulbostylis capillaris Kunth. var. trificla Clarke was collected at ‘ ; 

Karuizawa, Nagano Prefecture and near Yamanaka-ko, Yamanasi \ 

Prefecture. Forty-two chromosomes which show some difference in 
their size (Fig-. 1) were counted in the first meiotic metaphase of 

this plant. ' I 

Carex i 

As regards the genus Heilborn (1922, 1924, 1925, 1932,. 1936) 
published a series of studies on the chromosomes, their numbers and 1 1 

size, polyploidy and aneuploidy, the so-called secondary association , j| 

and also species formations in this genus. He has investigated about ; 

70 species and forms, and found some 27 different numbers, ranging 



Figs. 1-8. First and second metaphases of Bulbostylis, Carex and Cyperus. x 1600. 
1, B. capillaris var. trifida (n = 42). 2, C. japonica var. chlorostachys (n — 31). 
3, C. neurocar pa (n = 5i). 4, C. MaacMi (jn. — 5, C. pumila {n = 41), 6,7, C. 

saisumensis {n — IQ). 8, Cyp. alternifolius {n = 1&), 
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from 9 to 56 which do not come under the law of multiples of any 
basic numbers, namely, 9, 15, 16, 18, 19, every number of 23-43, and 
56 (1924, 1928, 1932) ♦ Wulif (1933) reported the haploid number 
of one species as 30-32. Such Careic-type afi aneuploidy has been 
met with among other genera of Cyperaceae as well. 

In the present work four species and one variety of this genus 
were investigated. 

Carex japonica Thunb. var. chlorostachys Kuek. n = 31, Fig. 2; 
C. neurocarpa Maxim, n ^ 54, Fig. 3 ; C. Maackii Maxim, n = 34, 
Fig. 4; C. pumilcb Thunb. n = 41, Fig, 5; C. satsumensis Franch. et 
Sav. n = 19, Figs. 6, T- 

In Carex neurocarpa Maxim., a considerable size difference exists 
among chromosomes seen in the heterotypic metaphase plate. C. 
satsimensis was collected at Mt. Oyama, Sagami Province or at Nikko, 
Totigi Prefecture. In the heterotypic metaphase 19 chromosomes 
are counted, of which five are somewhat smaller than the rest. The 
haploid number 54 of C. newrocarpa is added to the number series 
of this genus, resulting in 9, 15, 16, 18, 19, every number of 23-43, 
54 and 56. 

Cyperm 

In Cyperus, also, aneuploid numbers were found by Hicks 
(1929), Avdulov (1931) and Lewitsky (1931), that is, 13, 17, 21, 
ca. 25, 48, 54, 73. 

In, the present work six species of this genus were investigated. 

Cyp, alternifolius L. from Madascaris is cultivated in the green 
house of the Koisikawa Botanic Garden of Tokyo Imperial Univer- 
sity. In the heterotypic metaphase plate of the pollen mother cells 
16 chromosomes were counted (Fig. 8). 

Cyp. hakonensis Franch. et Sav, n = 18, Figs. 9-11. Eighteen 
chromosomes were counted in the heterotypic metaphase and in the 
metaphase of the primary nuclear division in the pollen grain. One 
of them is conspicuously smaller than the others. The three degene- 
rating nuclei of the tetrad are shown in Figs. 10 and 11. 

Cyp. sanguinolentus Vahl (n = 24, Fig. 12) was collected at 
Karuizawa, Nagano Prefecture. Fig. 12 shows a heterotypic meta- 
phase plate. All stages of meiotic division are regular. 

Cyp. roUmdtis L. (n = 54, Fig. 13) collected at Kanazawa, Kana- 
gawa Prefecture, was examined. Fig. 13 presents a heterotypic 
metaphase plate in which the chromosomes show a size difference. 
It is however difficult to determine the exact groups in this respect, 
owing to the smallness of the chromosomes as in the case of the genus 
Cyperus in general. In the following species the minuteness and a 
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rather high number of the chromosomes made the exact counting 
difficult. In Cyp. nipponicus Franch. et Sav. several countings are 
obtained such as 76, 82, 83 and 87. In Cyp. papyTUS L. about 51 

chromosomes were found in the heterotypic metaphase. 



Figs. 9-16. First and second metaphases of Cyperus, Fimbristylis and Heleocharis. | 

XlSOO. 9-11, Cyp, hakonensis (n = 18), 9, first metaphase ; 10, 11, late diakinesis / 

and metaphase of the primary nuclear division in the pollen grain, 12> Cyp. san- 

guinolentus (n = 24). 13, Cyp. rotundus (n — 54). 14, F. sub-bispicata (n =5). 15, : 

H. acicularis (n — 10). 16, H. japonica (n = 10). 

F imbristylis 

No cytological studies have previously been made on this genus. 

Fimbristylis sub-bispicata Nees et Mey. (n = 5, Fig. 14) was 
collected at the foot of the Mt. Tatesina in Nagano Prefecture and 
at Kanazawa in Kanagawa Prefecture. The haploid number is 5 of 
which one is smaller than the others. 

Heleocharis 

Heleocharis acicularis R. Br. (n = 10, Fig. 15) was grown wild 
at Karuizawa, Nagano Prefecture. The inflorescences suitable for 
cytological studies are about 1,5-2 mm long by 0,7-1 mm wide. The 
heterotypic metaphase shows 10 bivalent chromosomes, of which 
three are rather smaller than the others, 

H. japonica Miq. (n = 10, Fig. 16) was also collected at Karui- 
zawa, Nagano Prefecture. The size of the inflorescences suitable for 

Cytolojria, Fujii jub. vol., 1937 52 


818 


■N. Tanaka 


Cytologia, Fujii jub. vol. 

cytological studies are about 2-2,5 mm long by 1-1,2 mm wide. Ten 
chromosomes were counted in the heterotypic metaphase plate. 

In Heleocharis { = Eleocharis) Hicks (1929) has reported 8 
aneuploid chromosome numbers, 5, 8, 8-9, 10, 15, 18, 19, 25-29. 
Studying H. aciculoris (L.) R. & S. Hicks (1929) reported several 
haploid numbers, 18, 19, 28, 25-29. He states, “The late prophase 
showed 28 chromosomes in the majority of cases. In the heterotypic 
metaphase plate the number varied 25-29. In the second metaphase 

plates the number varied as 18, 19 etc The peculiarities in the 

union of homologous chromosomes, unstable conditions in pairing, 
and lagging of chromosomes seem, in the light of known conditions 
of the origin of such structures, to mark the heterozygous nature of 
this plant.’* From this point of view Hicks offered hybridism as 
a probable explanation of the aneuploidy found in the Cyperaceae. 
In H. acicularis R. Br., in the present work, no such irregularity was 
observed in the meiotic division (Fig. 15). In H. paiustris (L.) R. 
& S., the haploid number is also varied ; that is, according to Hicks 
(1929) they are 8, 9, 18 and 2n = 9, according to Avdulof (1931) 
it is 8, and according to Lewitsky (1934) 5 and 8. 

Lipocarpha 

Lipocarpha microcephaly Kunth. n = 23, Fig. 17. The hetero- 
typic metaphase shows 23 chromosomes which may be divided into, 
three size groups : 2 large, 17 medium and 4 small. 

No other species or varieties of this genus have hitherto been 
investigated. 

Scirpus 

In the genus Scirpus, Hakansson (1928, 1930), Hicks (1928), 
Avdulof (1931), Blackburn (1933), Kostrionkoff (1930) and Mori- 
naga & Fukushima (1931) have reported the chromosome numbers, 
10, 13, 18, 19, 20, 21, 22, 23, 25-30, 28, 29, 31, 33, 34, 38, 39, 43, 
50-60, 52, 53-55, 55, 55-57. 

cyperinus Kunth. var. Wichurai Makino. n = 33, Figs. 18 a, b. 
The haploid chromosome number of this variety agrees with that 
found by Hicks (1928) in a variety of this species, pelius Fern, and 
in the forma condensatus (Fern.) Blake of this variety. 

S. hotarui Ohwi (n = 37, Fig. 19) is one of 6 species which 
were recently established by Ohwi (1934) . These new 6 species 
have hitherto been grouped into one species erectus Poir. . 

S. lacustns L. (n = 19, Figs. 20a, b, 21, 25, 26, 27) has 19 haploid 
chromosomes, of which one element is conspicuously larger than the 
rest. Phis large element is massy or sometimes deltoid in shape in 
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the first metaphase, while in the second metaphase its deltoid 
nature becomes more evident (Figs. 21, 26) . Studying this species 
also Hakansson (1928) reported 21 haploid chromosomes which how- 
ever showed no such size difference as seen in the present case, 
though there were found three or four somewhat larger chromo- 
somes. It is probable that the large element in the present material 
is composed of three chromosomes. 


Figs. 17-24. First and second metaphases of Lipocarpha and Scirpus. xl600, except 
18a, b., 22, 23, X1300. 17, L. microcephala (n = 23). 18a, b. S. cyperinus var. 

Wichurai (n = 33). 19, S. hotarui (n = 37). 20a, b., 21, S. lacustris (n = 19). 20, first 
metaphase. 21, second metaphase. 22, S, maritimus (n = 66). 23, S. Mitsukurmna 
(n = 34). 24, S. mucronatus (n = 21). 

S. maritimus L. n = 55, Fig. 22. The chromosomes are veiy 
small which makes the counting very difficult. Fifty -five seems 
most probable, 2 of which are conspicuously smaller than the others. 
These small ones are sometimes lying close together and sometimes 
widely apart. The chromosome number of this species was formerly 
reported as ca. 52 by Hfikansson (1928) and as 43 by Blackburn 
(1933). 

S'. Mitsukuriana Makino n = 34, Fig. 23. 

S. mucronatus L. n = 21, Fig. 24. This haploid number agrees 
with that reported by Morinaga and Fukushima (1931). 

In Scirpus, Hfikansson (1930) has found two races of S. 
palustris, one with 19 chromosomes (haploid) and one with 8. He 
stated that the former appears to be a derivated autotetraploid. 




Figs. 25-27. Photomicrographs of the first and second metaphases of Scirpus lacustris, 
corresponding to Figs. 20a, b, and 21 respectively (the large element is marked with 

an arrow). xlSOO. 


I 


In S. americanus Pers. and its form, Hicks (1928) found different 



haploid numbers, the former 88 and the latter 50-64. He considered 
this latter form with varying chromosome numbers might have arisen 
through crossing of the former with some other species. 


Conclusion and Summary 

A number of possible explanations have been presented by 
several authors on the phenomena of aneuploidy observed in Cypera- 
ceae: 1) transverse division of single (large) chromosome (Heil- 
born, Hlikansson) , 2) duplication of entire chromosomes (Heilborn, 
Hakansson) and 3) hybridization (Hicks, Hakansson). In the pre- 
sent work in which the meiotic chromosome numbers of 19 species 
and 3 varieties were described, aneuploidy has also been observed. 
It is however premature to draw any conclusion as to the cause and 
nature of this phenomenon until further investigations on a greater 
number of plants have been carried out. 

The numbers of chromosomes in three genera of Cyperaceae, 
Bulbostylis (n = 42), Fimhristylis (n = 5) and Lipocarpha (n = 
23), have been newly described. 

The haploid number 54 {Carex neurocarpd) is newly added to 
the series of chromosome numbers of the genus Carex. 

The present material of Heleocharis acicularis has n = 10 and 
shows no irregularity in the chromosome number as observed by 
Hicks in the plant he was using. 

According to Hakansson, Scirpus lacustr is has n = 21 chromo- 
somes, while in the present material one large element was found 
besides 18 normal bivalent chromosomes making 19 in all. This 
large element seems to be composed of three bivalents. 



1937 


Chromosome studies in Cyperaceae, I 


821 


Most of the plants used in the present work were identified by 
Dr. Hara, Dr. Tiiyama, Dr. Kitagawa and Dr. Maekawa to w^hom the 
writer expresses his cordial thanks. Thanks are due to Dr. Sinoto 
under whose direction the work has been carried out. 
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Macrosporogenesis of Lilium pMUppinense Baker 
By 

Jose K. Santos 

Of the Department of Botany, University of the Philippines 

The object of this paper is to describe the development of the 
embryo-sac of Lilhim pMUppinense Baker, with a view to its possible 
bearing on the recent interpretations regarding the increase in size 
and the increase in the chromosome number of the chalazal nuclei 
following the homoeotypic division in the lily type of embryo-sac. 

Treub and Mellink (20) in 1880 reported that in Lilium hulhi- 
ferum and Tulips Gesneriana the embryo-sac mother cell develops 
directly into the embryo-sac without any previous divisions. 

In 1884 Strasburger (18) and Guignard (9) came to the same 
conclusion in their separate investigations of a reduction of the 
number of chromosomes during the development of the germ cells 
O'f angiosperms. 

Guignard (11) and Overton (13), whose works were published 
almost at the same time, concluded that in the lilies and other plants 
in which the embryo-sac mother cell develops directly into the embryo- 
sac without previous division reduction takes place in the nucleus of 
the young embryo-sac. 

Guignard (9) working on the embryo-sac of Lilium candidum 
observed the difference in size and the difference in number of chromo- 
somes between the nucleus near the micropyle and the one close to 
the chalazal end; the micropylar nucleus is slightly smaller and has 
fewer chromosomes than, the chalazal nucleus. 

Dixon (7) reported that in Lilium longiflorum the superior 
nucleus of one embryo-sac contains twelve chromosomes while the 
inferior nucleus has twenty-four and in another embryo-sac contains 
eight chromosomes whereas the inferior one has sixteen chromosomes. 

Sargant (15) noticed the same differences in the embryo-sac of 
Lilium martagon. She counted twelve chromosomes in the micro- 
pylar nucleus and about twenty-four in the chalazal one. A further 
count made from the chalazal nuclei she obtained among the twenty- 
five chalazal spindles in which the chromosomes could be approxi- 
mately counted, one had about twenty, nine about twenty-four, five 
about twenty-eight, and ten about thirty-two chromosomes. 

Similar irregularities were described in the embryo-sac of 
Lilium martagon hy Mottier (12) and also by Strasburger (17). 
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Coulter (5) noticed the same in Lilium philadelphicum and Stras- 
burger (19) in Tulipa Gesneriana. 

Bambacioni (1) reported that in Fritillaria persica three of the 
four nuclei resulting from the homoeotypic division of the megaspore 
mother cell come to lie close together in the chalazal end of the embryo- 
sac and then divide simultaneously, their chromosomes become 
arranged on a common spindle. As a result of this division, a four- 
nucleate embryo-sac is again formed, two of whose nuclei are small 
and lie near its micropylar end, and the other two are larger and 
have a greater number of chromosomes at the chalazal end. 

A type of embryo-sac development similar to that of FriUllaria 
persica was reported later by Bambacioni and Giombini (2) in 
Tulipa GesneriarM, another by Bambacioni-Mezzetti (3) in Lilium 
candidum, L. bulbiferum, and Tulipa praecox, and recently by Cooper 
(4) in Lilium Henryi. 

Material and Methods 

This work was started during the academic year, 1934-35 while 
the writer was connected with the Department of Botany, University 
of Michigan, U. S. A., as an exchange professor in botany. 

Part of the material used was generously furnished by Professor 
Bradley M. Davis to whom the writer is highly indebted. This 
material was already embedded in paraffin and was prepared from 
the Lilium philippinense grown in their garden. The material, how- 
ever, showed very few chromatic figures so the investigation was dis- 
continued until the writer returned to Manila, and after securing 
additional material from Baguio, the natural habitat of this plant. 

The additional material, upon which the most of the observations 
were based, was furnished by Mr. Sixto Laraya, district forester 
at Baguio, Mountain Province, Luzon, to whom the writer is very 
grateful. This material was collected from the slopes of a mountain 
at an altitude of about 5,000 feet above sea-level, and immediately 
forwarded to the writer in Manila. He sent to the writer two sets 
of material, the first set consisting of fifteen plants with young buds 
and bulbs, which was received June 26, 1936; and the second set, 
composed of fifty plants with young buds and nearly opened flowers, 
was received July 6, last. 

The ovaries were sliced to about 3 millimeters thick and fixed 
between 2 and 3 o’clock in the afternoon with the following reagents : 
(1) Weak Flemming’s fluid, (2) Strong Flemming’s fluid, and (3) 
1 per cent chromo-acetic-acid, with about 10 drops of 1 per cent 
osmic acid to 50 cubic centimeters of the solution. 
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The fixed material was thoroughly washed with running water, 
dehydrated and cleared in the usual way, and embedded in 52°C. 
paraffin. It was cut from 8 to 20 thick and stained in Heidenhain’s 
iron-alum haematoxylin. 

Observations 


The megasporocyte of LiliuTn 'philippmense Baker is developed 
by the enlargement of a subepidermal cell of the nucellus. This cell 
is differentiated from the nucellar cells surrounding it, immediately 
after the nucellus has prominently protruded from the placenta, and 
some time before the development of the integuments is initiated. 
The young megasporocyte appears usually triangular in outline and 
some times polygonal with unequal sides and with a fairly large 
nucellus as represent in fig. 1. The nucleus remains for some time 
in the resting stage. Its structure before further enlargement 
takes place is quite similar to that of the nucellar nuclei surrounding 
it. The chromatin is uniformly distributed over the cavity of the 
nucleus in the form of a network with extremely small meshes. Its 
general appearance is dark and granular on account of the tiny dots 
or beadlike structure of the chromatin at the intersections of the 


threads. There is either a single large nucleolus or, more commonly, 



three or four of different sizes concealed in the dotted chromatin 
threads. The cytoplasm is very dense and granular in character. 

As the megasporocyte nucleus increases in size the meshes be- 
come larger, the threads and the dots acquire more distinct outlines. 
The appearance of the nuclear cavity is much lighter than at the 
earlier stages and the nucleoli are more conspicuous. Fig. 2 
represents a resting stage in which a maximum enlargement before 
the nucleus passes into prophase is shown. The reticulum shows 
large and somewhat uniform meshes. The threads and the chromatin 
dots or beads are more sharply defined and occupy mostly the peri- 
pheral part of the nuclear cavity. At this stage the development of 
the integuments is initiated. One cell on each side of the nucellus 
begins to divide and protrude outward in the form of a hump. 

As the nucleus continues enlarging the reticulum looses its 
uniform reticular character, the chromatin dots or beads become 
larger and closer together, and the threads become thicker. Some 
of the meshe^ become larger and others become smaller and dis- 
appear; thus the reticulum acquires a ragged appearance. Fig. 3 
illustrates the first indication of the megasporocyte nucleus proceed- 
ing to synizesis. The dots are larger and the threads are much 
thicker. As the nucleus proceeds to synizesis the reticulum gradually 
separates from the nuclear wall from one side of the nuclear cavity 
or sometimes from almost all around the nuclear membrane. While 










bigs. 1-11. 1. A young mega$porocyte surrounded by nucellar cells. 2. Resting stage 
of rnegasporocyte nucleus. .3. The megaspore mother cells passing in synizesis. 4. 
Synizesis. 5. A young spireme loosening itself from synizetic knot. 6. Open 
spireme. 7. Segmentation- 8. Second contraction or synapsis. 9. Young bivalent 
chromosome coming out from synapsis. 10. Diakinesis. 11. Heterotypic meta- 
phase. All figures l-ll magnified x926. 
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drawn into a compact and characteristic mass at one side of the 
nucleus, inclosing partly or entirely the nucleolus (fig. 4) . The 
nucleus remains in this stage for some time. While the nucleus is in 1 
the synizetic stage, the microsporocytes elongates gradually and the ; 
integuments develop more rapidly. 

Following the long and critical state of the chromatin reticulum , 
in synizesis, a continuous and irregularly thickened thread with 
ragged appearance emerges from the side of the synizetic knot. A j 

careful examination of the spireme reveals that it is made up of two j 

rows of closely arranged chromatin granules similar to what Sargant j 
(15) reported in Lilium martagon, Digby (6) in Osmunda, and the I 

writer (14) in Elodea. Fig. 5 represents a stage in which the I 

young spireme is loosening itself from the synizetic knot. As the I 

spireme loosens itself from the synizetic knot loops of various sizes 
radiate from the knot to the sides of the nuclear cavity and the | 

nucleolus or nucleoli are released from their entanglement with the | 

spireme. Subsequent to this stage, as usual, the spireme passes into | 
the process of shortening and condensation. Fig. 6 represents a I 
more advanced stage of the spireme. The spireme appears more I 

uniformly in diameter and takes up the stain more evenly. Its double | 



pinense. 

The young conjugating chromosomes remain in this state of 
synapsis for a short period only and soon the folded segments dis- 
tribute themselves gradually throughout the nuclear cavity as repre- 
sented in fig. 9. The two arms of the loops can be readily traced; 
they are still slender and irregularly thickened and as a whole are 
twisted around each other. Constriction at the distal end of each 
young bivalent chromosome is observed, while the double nature of 
the sides of the original is not conspicuous. As usual soon after the 
young bivalent chromosomes are evenly distributed in the nuclear 


nature disappears. As the condensation, shortening, and thickening 
of the spireme continue the loops rearrange themselves in a very 
irregular manner and the sides of each of them are brought closer 
to one another. The loops are gradually separated by constriction 
or segmentation from each other, as shown in fig. 7. One notable 
feature of this stage is that the arms or sides of the loops become 
crooked and in most cases are twisted around each other. A very 
careful examination of the individual loop revealed that there is a 
constriction at their distal end which apparently indicates that each 
side of each loop represents a univalent chromosome. As the seg- 
mentation advances, the segments are collected or become entangled 
with each other at one side or around the nucleolus. Figure 8 shows 
a typical second contraction in the megasprocytes in Lilium pMlip- 
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cavity, they undergo a more extensive condensation, shortening, and 
thickening. Fig. 10 represents a more-advanced diakinetic stage 
in which the bivalent chromosomes appear much thicker and shorter, 
and the members of each of them are tightly twisted around each 
other. Starting from this stage, careful counts of the chromosomes 
were made. Various counts were made from a number of nuclei, 
and the number obtained in each nucleus was always twelve. This 
haploid number agrees quite well with the counts obtained froru the 
diploid number obtained from the various counts made from the 
dividing nuclei of the nucellus, which is twenty-four. 

While the chromatin segments proceed into second contraction 
or synapsis the nucleolus begins to decrease in size and becomes 
vacuolated and eventually acquires a lighter color. It disappears 
at the same time with the nuclear membrane during the formation 
of the spindle fibers. 

As soon as the spindle fibers appear in the nuclear cavity, the 
bivalent chromosomes, which by this time have attained a maximum 
shortening and condensation, become attached to the spindle fibers 
either at the middle part or near one end. The chromosomes move 
to the equatorial plane to form the equatorial plate. At this stage 
the longitudinal fission of each chromosome can sometimes be 
observed. Figure 11 illustrates the arrangement of the bivalent 
chromosomes in metaphase stage. The two members of each chromo- 
some are attached either at the middle part or close to their ends by 
small group of spindle fibers. The members of each bivalent chromo- 
some separate gradually and move away from the equatorial region 
towards the poles. As they migrate towards the respective poles 
they appear, according to the point of attachment with the spindles, 
either J- or V-shaped as represented in fig. 12. 

Shortly after the daughter chromosomes reach the respective 
poles, they are collected in the form of a compact mass and gradually 
surrounded by a dense protoplasm followed by the formation of 
nuclear membrane. Immediately upon the formation of the nuclear 
membrane, the chromosomes begin to loosen themselves from one 
another while the nuclear cavity increases in size and the correspond- 
ing nucleoli simultaneously appear. The chromosomes become con- 
nected with each other by fine strands and develop into more or less 
uniform reticuli. The resulting daughter nuclei are of the same size, 
and they are not separated by a wall. Fig. 13 shows the two 
daughter nuclei resulting from the first division in a resting stage. 

After a short period of rest, the chromatin begins to reorganize 
and prepare for the second division. The chromatin threads 
developed in the nsual way into spireme which give rise to chromo- 
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somes that later become attached to the spindle fibers. Figure 14 
shows the chromosomes developed from the two daughter nuclei as 
they reached their respective equatorial planes. The chromosomes 
towards the micropylar end are seen in the side view of the spindle, 
while those toward the chalazal end are observed from the polar view. 
Figure 15 illustrates a normal metaphase stage of the two daughter 
nuclei, which divide homoeotypically without cell division, forming 
four megasporial nuclei in the embryo-sac. Figure 16 shows the 
four young megasporial nuclei under the process of reconstruction 
and enlargement. The spindle fibers between the two nuclei of each 
pair are still visible and show no sign of wall formation, One of the 
four megasporial nuclei resulting from the homoeotypic division 
moves slightly towards the micropylar end, while the three nuclei 
pass to the chalazal extremity, arranging themselves in a close 
triangular form as indicated in figure 17. These four megasporial 
nuclei have practically the same size from the time of their forma- 
tion to their adult or resting stage (Plate 30, fig. 1). They remain 
for some time in the resting stage, during which the embryo-sac in- 
creases extensively in length. 

Following the polarization and the long resting stage the four 
megasporial nuclei, which are all alike, proceed simultaneously to 
the third division (Plate 30, fig. 2) . Upon the formation of the chro- 
mosomes, the nucleoli and the nuclear membrane disappear, while the 
spindle fibers appear almost at the same time as represented in 
fig, 18. In the following stage the twelve chromosomes of the 
megasporiah nucleus around the micropylar end pass to the equatorial 
plane in a bipolar spindle, while the spindle fibers of the thirty-six 
chromosomes of the three megasporial nuclei become united in a multi- 
polar spindle, which in the later development becomes bipolar as 
indicated in fig. 19 and plate 30, fig. 3. In fig. 20 the multiple 
spindle has become bipolar and the thirty-six chromosomes are 
arranging themselves in the equatorial region of the spindle. It 
usually takes much longer for the thirty-six chromosomes to arrange 
themselves in the equatorial plane of the spindle than the twelve 
chromosomes of the nucleus near the micropyle. However, it seems 
that the two groups of chromosomes divide simultaneously as 
indicated in fig. 21, because the distance between the resulting 
daughter chromosomes of the division is about the same. In view 
of this unusual division a four-nucleate embryo-sac is again formed. 
Two of the resulting nuclei are smaller and remain near the micro- 
pylar end, and two are larger and lie at the chalazal end as shown 
in fig. 22. As the upper chalazal nucleus advances into the resting 
stage, it becomes flattenec^ or lenticular, extending from one side to 
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Figs. 18-24. 18. The four megasporial nuclei passing into third division J the spindles 
or the three chalazal nuclei are developing. x625. 19. The chrornosornes of the micro- 
pylar nucleus begins to move to the equatorial plane of the spindle, while the chromo- 
somes and the spindles of the three chalazal nuclei become united. X625. 20. Early 

metaphase of the micrbpylar and chalazal nuclei. x460. 2L Anaphase in the third 
division^ x460. 22. A four-nucleate embryo-sac showing two small micropylar 
nuclei and two large chalazal nuclei. x460, 23. Early stage of the fourth division 
showing the lower chalazal nucleus lagging. x450. 24. Metaphase of the fourth 
division. The lower chalazal nucleus in spireme stage. X450. 
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other of the embryo-sac; and the lower chalazal nucleus usually 
acquires the shape of the end of the embryo-sac. It appears like the 
side view of a mortar or tea cup. These two nuclei usually remain 
somewhat connected by the spindles until before the last division. 

One of the notable change observed in the embryo-sac up to this 
stage was that the cytoplasm, which had been dense and uniform 
before the formation of the two pairs of unequal-sized nuclei, became 
somewhat ragged in appearance and two vacuoles appeared in the 
central region between the two groups of nuclei at the two extremi- 
ties. As the four nuclei proceed to another division to form the 
eight nuclei, the embryo-sac increases rapidly in size and the 
vacuoles either coalese or increase proportionately in dimensions 
which separates the two groups of nuclei. 

Fig. 23 shows the four nuclei are proceeding to the fourth 
division. The two megasporial nuclei, just before the formation of 
the spindle, show twelve chromosomes each. The upper nucleus in 
the chalazal region exhibits a large number of chromosomes or the 
thirty-six chromosomes resulting from the combination of the chromo- 
somes of the three megasporial nuclei. It is about the same stage as 
the micropylar nuclei, while the lower chalazal nucleus is still in 
the spireme stage or segmentation. At this stage several counts 
were made in the upper chalazal nucleus and the number obtained 
varies from thirty -two to thirty-six chromosomes. Shortly after the 
spindle fibers are developed, the chromosomes of the two micropylar 
nuclei and those of the upper chalazal nucleus arrange themselves in 
the equatorial regions of their corresponding spindles. Meanwhile 
the lower nuclei of the chalazal region develop into a spireme in a 
more or less abortive manner as indicated in fig. 23. One of the 
megasporial nuclei is shown in polar view in fig. 24, and plate 30, 
figs. 4, 5 and 6, twelve chromosomes can be easily counted. In figs. 
25a. and b, the early stage of the eight nuclei embryo-sac is repre- 
sented. The four nuclei towards the micropylar end and the two 
upper nuclei of the chalazal end are in the latest stage of telophase 
while the two daughter nuclei in the lower chalazal end are still in 
the early stage of telophase. The spindle fibers connecting the 
daughter nuclei are still in the complete form with the corresponding 
thickening in equatorial regions. 

In figs. 26a and 5, the eight nuclei are more or less separated 
from one another by thin membrane. One of the four micropylar 
nuclei and one of the four chalazal nuclei are proceeding towards the 
center of the embryo-sac to fuse with each other. The micropylar 
nucleus is distinctly smaller than the chalazal nucleus. One of the 
lower nuclei of the chalazal end is in the process of degeneration. 
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In lig. 27 the entire embryo-sac is represented in the lower magnifi- 
cation. Towards the micropylar end, the egg and the two synergids 
are somewhat distinctly differentiated. In the middle region, just 
below the large vacuole are shown the actual fussion of the polar 
nuclei and the three antipodal cells or nuclei at the extremity of 




Figs. 25-27. 25 a. The micropylar end of the embryo-sac showing the four nuclei^in a 
late telophase. x625. 25 b. The four chalazal nuclei in late metaphase. x625. 26 a. 
The micropylar end showing the differentiation of the four nuclei into egg and 
synergids. x625. 26 b. The chalazal end with the three antipodal cells and a large 
polar nucleus, x 625. 27. A complete eight nucleate embryo-sac showing the egg, 
the synergid cells, the antipodal cells and the fusing polar nuclei, x 450. 

the embryo-sac. The lower nucleus is degenerating. A type of embryo- 
sac of this kind has been reported recently by the following investi- 
gators: Bambacioni (1) in Fritilla/rm persica, Bambacioni and 
Giombini (2) in Ttdipa Gesneriana, Bambacioni-Mezzetti (3) in 
L/ilium coAfididum, h. bulbifemm, mid TuUpa praecox, Sind. Cooper (4) 
m hilium llmTyi. 
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Discussion 

It will be seen from the foregoing that the megasporocyte of 
Lilium philippinense Baker is initiated by the enlargement of a 
'subepidermal cell of the nucellus. This large subepidermal cell 
develops directly into the embryo-sac without any previous divisions. 
Such type of an embryo-sac formation is very similar to the ernbryo- 
'sac development of different species of Liliitm and to that of some 
other members of the Liliaceae, which have been reported by various 
earlier investigators. 

The megasporocyte of Lilium philippinense passes into hetero- 
typic and homoeotypic divisions in a normal way. The haploid num- 
ber of the chromosomes is twelve and the diploid number is twenty- 
four. This diploid number agrees with the somatic number obtained 
by Sato (16) in Lilium philippinense var. formosamm Wilson. 

The four resulting nuclei in the embryo-sac after the homoeotypic 
division are of the same size and contain the same number of chromo- 
somes, Three of the four nuclei move towards the chalazal end and 
one to the micropylar end, and then divide simultaneously; the 
■ spindles of the three nuclei unite, forming a multipolar spindle. The 
chromosomes become attached to these spindles which ultimately 
develop into a single bipolar spindle. In this division, the chrorno- 
, semes of the two unequal, spindles divide somatically. As a result 
of this division, a four-nucleate embryo-sac is again formed. Two 
of the four resulting nuclei at the micropylar end are small and con- 
tain twelve chromosomes each, while the other two at the chalazal 
end are more voluminous and each contains thirty-six chromosomes. 

Such difference in size and in number of chromosomes between 
the micropylar nuclei and chalazal nuclei during the development of 
the embryo-sac of various species oi Lilium and of some other 
members of the Liliaceae, have been observed and reported by several 
earlier investigators. Among these may be cited Guignard (9, 10), 
Strasburger (17, 19), Dixon (7), Sargant (15), Mottier (12), 
Coulter (5), and Frisendahl (8). But it is quite surprising that no 
satisfactory explanation has been given until recently. Practically 
all of these investigators seem to believe that the cause of the said 
irregularity is either due to the difference in nutrition or to the 
splitting or segmentation of the chromosomes. 

Recently Bambacioni (1) reported that in Fritillaria persica 
three of the four nuclei resulting from the homoeotypic division be- 
'come closely arranged in the chalazal end, and one moves towards the 
micropylar end. All four nuclei divide simultaneously; the spindles 
of the three nuclei become united, forming a multipolar spindle, 
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which ultimately develops into a bipolar spindle. In view of this a 
four-nucleate embryo-sac is again formed in which the two daughter 
nuclei at the micropylar end are smaller and contain twelve chromo- 
somes each and the two at the chalazal end are larger and contain 
thirty-six chromosomes each. Similar fusion was observed later by 
Bambacioni and Giombini (2) in Tulipa Gesneriana, and by Bam- 
bacioni-Mezzetti (3) in Lilium bidbiferuTn and Tulipa praecox. 
Very recently Cooper (3) found the same fusion of three of the four 
nuclei, which had been formed as a result of the homoeotypic division 
in Lilium. Henryi. The results obtained by the writer, therefore, in 
the present investigation of Lilium philippinense are fully in accord 
with the findings of Bambacioni and Cooper (4). 

Summary 

1. The megasporocyte of Lilium philippinense is derived by the 
enlargement of subepidermal cell of the nucellus. The megasporocyte 
nucleus develops directly into an embryo-sac. without any previous 
■divisions. 

• 2. The micro sporocyte remains for a short time in the resting 

stage and immediately proceeds into heterotypic and homoeotypic 
divisions. 

3. The haploid number of the chromosomes is twelve and the 
diploid number is twenty-four. 

4. The four daughter nuclei resulting from the homoeotypic 
division are of the same size and contain the same number of chromo- 
somes. Three of these four nuclei are closely arranged in the chalazal 
end, and the remaining one moves towards the micropylar end. 
Following this arrangement the four nuclei divide simultaneously. 
The spindles of the three nuclei become united forming a multipolar 
spindle which ultimately develop into a bipolar one. 

5. Of the four resulting nuclei from this division, the two in the 
micropylar end have smaller dimension and contain twelve chromo- 
somes each, while the two at the chalazal end are more voluminous 
and contain thirty-six chromosomes each. 

6. The two pairs of nuclei resulting from the last division divide 
almost simultaneously forming an eight-nucleate embryo-sac. Two 
of the nuclei move towards the micropylar end and become synergids, 
one becomes into an egg, and the other moves towards the middle part 
of the embryo-sac and fuses with one of the chalazal nuclei, forming 
the polar nuclei. The three remaining chalazal nuclei move towards 
.the extremity of the embryo-sac and become the antipodal nuclei. 
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Plate 30 
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Explanation of Plate 30 

Lilium philippinense Baker 

Pig. 1. An embryo-sac with four megasporial nuclei in the resting stage, x800. 

Fig. 2, The chalazal end of the embryo-sac showing the three chalazal megasporial 
nuclei prepartory to the third division, x 1250. 

Pig. 3. The chromosomes and spindles of the three chalazal nuclei becoming united, 
X1250. 

Fig. 4. A metaphase stage of the fourth division of the embryo-sac showing the 
polar view of one of the micropylar nuclei with twelve chromosomes and a 
portion of the side view of one of the chalazal nuclei, x800. 

Fig. 5. A metaphase stage of the two nuclei at the micropylar end in the fourth 
division ; the one in the polar view has twelve chromosomes, x666. 

Fig. 6. An early stage of the metaphase of the upper chalazal nucleus in the fourth 
division, x666. 
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Strukturelle Veranderungen im Gewebe der Stoffwecliselzelleii des 

,,Fettkbrpers“ voe Calliphom wahrend des Umbaiies der Puppe 
Vorlaufige Mitteilung 
Von 

R. J. H. Teunissen 

Aus der Abt. f, exper. Morphologie des Zool. Labor., Universitat, Utrecht 
(Leiter : G. C. Hirsch) 

Wahrend des Piippenstadiums macht Calliphora weitgehende 
Veranderungen im Aufbaii des Gewebes durch: nur das Nerven- 
system, eine Griippe von Speicheldriisen, die Geschlechtsorgane und 
schliefilich einige Tracheen werden vom larvalen Korper in den Imago 
iibernommen. Alle anderen Gewebe werden vollstandig abgebrochen 
imd auf neue aufgebaut. Bei dem Ab- und Aufbau spielt der sogen. 
„Fettkbrper“ eine gewisse Rolle. Das Laboratorium fiir experi- 
mentelle Morphologie des zoologischen Institutes der Universitat 
Utrecht hat sich in dem letzten Jahre mit diesen Veranderungen und 
ihrer Determination befabt und es werden in der nachsten Zeit einige 
Publikationen hieriiber erscheinen. Uns beschaftigt hier zunachst die 
Frage nach der Tatigkeit des „Fettkorpers“ wahrend des 
PuppenzListandes. 

Die Frage ist darum fiir uns besonders interessant geworden, 
weil es uns sehr wahrscheinlich geworden ist, dafi die Zellen des 
„Fettkorpers“ wahrend des Abbruches der anderen Gewebeteile die 
freiwerdenden Stoffe aufnehmen, intraplasmatisch verarbeiten und 
dann erneut den sich bildenden Geweben zur Verfiigung stellen. Die 
Zellen des „Fettkorpers“ haben also eine Art FabrikationstMigkeit 
neuer Stoffe, die sie aus alten Stoffen aufbauen : sie sind eine „Reste- 
verwertungs-fabrik“. Welchen Namen miissen wir ihnen dann 
beilegen? Es ist nicht sicher, ob sie wirklich phagozytieren konnen; 
wir haben vielmehr den Eindruck gewonnen, alsob sie nur chemisch 
tiefer abgebaute Stoffe in sich aufnehmen und haben de.swegen davon 
abgesehen, diese Zellen Phagozyten zu nennen. Wir wollen ihnen aber 
den Namen „ S t o f f w e c h s e 1 z e 1 1 e n “ beilegen, welcher Name 
am deutlichsten ausdriickt, dalJ es sich hier um Zellen handelt, denen 
die eigentliche Aufgabe zufallt, die alten Gewebereste chemisch so 
wieder aufzubauen, da6 sie dann spater dem neuen Gewebe zu Gute 
kommen konnen. 

Wir gehen in dieser vorlaufigen Mitteilung noch nicht auf die 
bisherige Literatur ein, sondern teilen nur in Kiirze einen Teil unserer 
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bisherigen Ergebnisse mit. Wir beschranken uns dabei auf die Be- 
antwortimg der f olgenden Fragen : 

1. Welches ist der Verband der Stoffwechselzellen im Fett- 
korper? Arbeiten die Zellen als einzelne Zellen oder als Sekundare 
Syncytia? (unter Sekundaren Syncytia verstehen wir das Zusammen- 
fliefien von Zellen zu einer grofieren Plasmamasse mit zahlreichen 
Kernen) G. C. Hirsch 1929. 

2. Welche Strukturveranderungen sind mit zunachst einfacher 
mikroskopischer Technik in den Zellen und ihren Kernen wahrend 
der Tatigkeit der Stoffwechselzellen zu beobachten? (Wir haben 
also in dieser Abhandlung vorlaufig noch aufier Acht gelassen, welche 
Stoffe in die Zellen eindringen, hier verarbeitet und wieder abgegeben 
werden) . 

Technik 

Die fiir diese kleine Arbeit zunachst angewandte Technik war 
denkbar einfach: vorallem Ausstrichpraparate der verschiedensten 
Stadia der Puppenentwicklung in zahlreichen Stufen; diese wurden 
fixiert in BouiN und gefarbt in Haemalaun und Eosin. Aufierdem 
haben wir zahlreiche Schnitte gemacht, welche aber bisher noch nicht 
in dieser Arbeit verarbeitet worden sind ; sie werden zusammen mit 
den , Ergebnissen der Vitalfarbung und der chemischen Untersuchun- 
gen demnachst publiziert werden. 


Einige Beobachtungen iiber die Stoffwechselzellen 
wahrend des Larvenstadiums 

Im Larvenstadium sind die Organe des Korpers noch intakt. 
Der „Fettkorper“ ist bereits gebildet, ruht aber in seiner eigentlichen 
Stoffwechseltatigkeit (Abb. 1). Die Stoffwechselzellen sind ziemlich 
klein. Sie liegen in einem deutlichen Gewebeverbande und sind durch 
eine sehr diinne Schicht umgeben; die sogenannte Tunica, welche 
alle Zellen zu einem einheitlichen Gewebe verbindet. Abb. 10 zeigt, 
dafi sich in dem Plasma zahlreiche kleine Fettvakuolen befinden, 
dagegen relativ wenige Granula. Wahrend dieser Periode bilden 
die Stoffwechselzellen schon Reservestoffe, von denen wohl das 
Fett den Hauptstoff bildet; auBerdem sind Glykogen (Abb. 16), 
Fettsauren und EiweiBe in Form von Granula ebenfalls vorhanden, 
aber in viel geringerem Grade. Die Kerne (Abb. 17) sind verbal t- 
nismafiig klein; ihre Oberfiache ist glatt, ihre Chromatinmasse ist 
gleichmafiig, vorallem am Rande des Kernes verteilt; Nukleolen sind 
ziemlich selten. Dies ist also' der Zustand, in welchem die Stoff- 
wechselzellen einige Reservestoffe, vorallem Fett, in sich aufgestapelt 
haben; und dieses scheint uns die Hauptmenge der Reservestoffe zu 
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Abb. 1-9: Veranderungen ira Verbandc : 
1 : Ein Fettkdrper am Ende der larvalen Periode 
dUnnen Tunica. ? Zi:.. 

Unbeweglichwerden der Larve 
Granula : 

puppung! 

Synzytium bildet sich : C- II, 

Sekundaren synzytialen Plasma, 
nach Verpuppung : nur noch 
bei emander liegen ; der grbBte Teil des Gewebes 
rechts Hegt der Rest einer Zellwand. 5 
des Sekundaren Synzy tiums sind 
an GrSBe stark zugenommen ; f- 
Zustand starksten Stoffwechsels im Synzytium, 
Die Anzahl der Zusammengesetzten Granula 


e der Stoffwechselzellen des Fettgewebes. 

0 I?- ••u T. * — ist umgeben von einer 

J.!!! T Puppenstadium, etwa eine halbe Stunde nach dem 
ir o’” Stoffwechselzellen besitzen jetzt bereits mehr 

ihre Kerne haben an GroBe etwas zugenommen. 3 : 6 Stunden nach Ver- 
Stellen wird die_ Zellmembran gesprengt und ein Sekundares 
— a : die^^Kerne liegen unregelmaBig verteilt zwischen dem 
den Granula und den Vakuolen. 4: 24 Stunden 

kleinen Gruppen 
""■’“““3 ist Sekundares Synzytium geworden ; 
48 Stunden nach Verpuppung. Die Kerne 
grSBer geworden. Die Granula im Synzytium haben 
7i! ersten Zusammengesetzten Granula. 

i. 6: 72 Stunden nach Verpuppung. 
und ihre GroBe bat zugenommen ; die 
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sein, welche die Larve erwirbt, um sie im Puppenstadium zii 
gebrauchen. 

1st das Ende der larvalen Periode erreicht, so sind die Stoff- 
wechselzellen grofier geworden als im Anfange dieser Periode. 
Ebenso nahmen nun die Nukleolen an Anzahl zu, und schliefilich wird 
die Oberflache des Kernes unregelmafiiger und die Cbromatinmasse 
wird mehr aufgehauft (Abb. 18). 

Die Umsetzungen wahrend des Puppenstadiums 

Die Abb. 2 zeigt die Stoffwechselzellen eine halbe Stunde nach 
dem Unbeweglichwerden der Larve: der Zellverband ist derselbe 
geblieben. Aber die Stoffwechselzellen selbst besitzen zahlreichere 
Granula als im Larvenstadium. Schon in den ersten 3-4 Stunden 
nimmt bereits die Anzahl der Granula stark zu (Abb. 11), wahrend 
relativ wenige Fettvakuolen zu sehen sind (Abb. 15) . Es treten 2 
verschiedene Formen von Granula auf : solche, die sich nach Farbung 
mit Haemalaun-Eosin stark rot farben und solche, welche lila gefarbt 
sind ; sie sind in der Zeichnung durch verschieden starke Schattie- 
rung angegeben. Es sind dies diejenigen Granula, welche sich formen 
auf Grund des Eintretens von Rohstoffen in das Innere der Zellen 
wahrend des Puppenstadiums. Abb. 12, welche etwa 4 Stunden nach 
dem Beginn des Puppenstadiums gezeichnet wurde, zeigt, dafi die 
Grofie der Granula zugenommen hat. Es wird in diesen ersten 6 
Stunden durch diese Stoffwechselzellen aufiergewohnlich Viel in Form 
von Granula aufgestapelt. 

Hierdurch- — so mochten wir annehmen — entsteht wohl ein 
starkerer Innendruck in den Zellen. Vielleicht ist es dadurch zu 
erklaren, dafi die Zellwande etwa 6 Stunden nach Beginn des Puppen- 
stadiums gesprengt werden : Abb. 3 und 13. Hierdurch ergiefit sich 
der Inhalt der Zellen in eine allgemeine Plasmamasse hinein, die 
durch ein Zusammenfiiefien der Zellen entsteht. 

Diese auffallende syncytial e Plasmamasse entsteht 
an verschiedenen Punkten des Fettkorpers zu gleicher Zeit. Die 
Folge dieser sekundaren Syncytiumbildung, der . sich allmahlich 

GroBe vieler solcher Zusammengesetzter Granula ubertrifft die GroBe der ursprling- 
lichen Zelle. 7: 144 Stunden nach Verpuppung. Die Anzahl der Zusammengesetzten 
Granula hat schon etwas abgenommen. 8 : 216 Stunden nach Verpuppung : mit 
einem Kern (als Organisationszentrum ?) in der Mitte treten die ersten Zellwande 
1 auf. Die groBen Zusammengesetzten Granula sind fast ganz verschwunden, d.h. 

I ihre Stoife sind an das Restitutionsgewebe abgegeben. 9: Imago 2 Stunden nach 

{ dem Ausschlupfen. Reste des Synzytiums sind nur spSrlich links unten zu sehen ; 

die grdBte Masse des Plasmas ist wieder zellig organisiert : d.h. die meisten Zellen 
haben sich wieder zu einem Zellverbande, d.h. einem Gewebe zusammengefunden 
I nur einige Zellen bleiben vorlSufig noch isoliert. 




Abb. 10-16 : Strukturveranderungen im Plasma der Stoffwechselzellen. 10 : Am ^ 

Ende des larvalen Zustandes: zahlreiehe Fettvakuolen (weiB) und etwas weniger I 

EiweiB-Granula verschiedener Konstitution. 11 : Beginn des Puppenstadiums : die 
Anzakl der Granula hat gegeniiber den Fettvakuolen bedeutend zugenommen. Das 
einzelne Granulum ist gewachsen. Die beiden Arten der Granula (mit Eosin oder 
Haemalaun fdrbbar) sind hier unterschieden durch die Schattierung in der Zeichnung. 

12: Etwa 4 Stunden nach der Verpuppung: das Waehstum der Granula hat noch 
stark zugenommen. 13 : Die Zellgrenze wird zersprengt ; der Zellinhalt ergieBt sich 
in ein gemeinsehaftliches Sekundares Synzytium. Esbilden sich die ersten Zusam- 
mengesetzten Granula. 14; Ende des Puppenstadiums. Stadiums der erneuten Zell- 
bildung, Das Stadium ahnelt der Abb. 10, enthalt aber wesentlich weniger Fett. 

Die Zusammengesetzten Granula sind ganz verschwunden. 15: Etwa 4 Stunden 
nach der Verpuppung. Das Plasma ist mit Osmiumsdure behandelt, Schwarz : das 
Fett; weiBe Oder graue Zirkel : die Granula. 16: Xltere Larve, etwa 2 Stunden 
vor der Verpuppung. Darstellung des Glykogens nach Best, hier schwarz gefSrbt ; 

Granula weiB. 
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solche erhalten (Abb. 19 und 20) ; sie nehmen aber an Grofie zu und 
ihre Oberflache wird unregelmafiiger. Vorlaufige Messungen haben 
ergeben, dafi die Zunahme der Kerngrcfie betrachtlich ist ; wir kom- 
men spater auf diese Frage zuriick. 

24 Stunden nach der Verpuppung (Abb. 4) sieht man von dem 
Fettgewebe nur noch einige wenige Zellgruppen. Es herrscht im 
Bilde das Syncytium vor. 

48 Stunden nach der Verpuppung (Abb. 5) finden sich nur noch 
ganz wenige intakte Stoffwechselzellen. Von nun ab werden die 
synthetischen Stoffwechselprozesse auch mikroskopisch uns deutlich 
gemacht durch das Auftreten von „Zusammengesetzten 
Granula“. Diese sind schon im Stadium der Abb. 13 zum ersten 
Male deutlich (2 Stuck in der Zeichnung) ; es werden ihrer von nun 
ab je langer je mehr; besonders Abb. 6 und 7 zeigt ihre zunehmende 
Haufigkeit. Diese Granula konnen grofier werden als friiher die 
ganze Zelle war! Wir haben Argumente fiir die Annahme, dafi es 
sich hier um die Bildung kleiner „Stoffwechsellaboratoria“ handelt, 
in welclien bestimmte chemische Auf bauprozesse durch , eine 
Abschlufimembran sich abschliefien gegen die iibrige Plasmamasse. 
Die Prozesse, die in diesen Granula stattfinden, scheinen vorallem 
Eiweifi aufzubauen. 

Etwa 70 Stunden nach Verpuppung (Abb. 6) ist der grofite Teil 
des Gewebes innerhalb der Puppe ein diinnflussiger Brei geworden; 
die larvalen Muskeln sind abgebrochen; die Darmwandzellen sind 
auch auf mehreren Stellen schon auseinander gef alien. Die ersten 
Restitutionen zur Bildung des imaginalen Gewebes haben eingesetzt. 
— Jetzt hat die Anzahl und Grofie der Zusammengesetzten Granula 
wohl den Hohepunkt erreicht. 

Abb. 8 zeigt die VerhMtnisse der Stoffwechselzellen 216 Stunden 
nach der Verpuppung. Es ergibt sich, dafi in dieser Zeit die Masse 
der in den Stoffwechselzellen umgesetzten Granula und Fetten schon 
wieder betrachtlich abgenommen hat. Diese Stoffe sind inzwischen 
an das Restitutionsgewebe zum Aufbau des imaginalen Kbrpers 
abgegeben worden. 

Das Protoplasma (Abb. 14) ahnelt in seinem Zustande jetzt etwa 
wieder dem Plasma der Stoffwechselzellen am Ende der larvalen 
Periods. Doch ergibt sich ein Unterschied: die Anzahl der Fett- 
vakuolen ist jetzt wesentlich geringer. Langsam verschwinden auch 
die Zusammengesetzten Eiweifigranula, je nachdem ihre Stoffe von 
den Restitutionsgeweben aufgenommen worden sind. 

An den Kernen, welche noch frei im Syncytiumplasma liegen, 
zeigen sich (Abb. 22) eigentumliche Zusammenballungen von Chro- 
matin; von einem Netzwerke des Chromatins kann jetzt nicht mehr 
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gesprochen werden. Eigentiimlicherweise finden sich solche Korper 
auch aufierhalb der Kerne im syncytialen Protoplasma. Wir konnen 
ims iiber die Bedeutung dieser Erscheinungen vorlaufig noch nicht 
naher aussprechen, da die Analyse noch nicht abgeschlossen ist. 









Abb, 17-24 zeigen den Wechsel der Kernfom wahrend der Arbeit der Stoffwechsel' 
zellen. 17 : Kern einer Stoffwechselzelle der Larve, einige Tage vor dem Beginn des 
Puppenstadiums. 18 : Kern aus der Zeit des Endes des Larvenstadiums. 19-21 : 
frlihes Puppenstadium : starke GroBenzunahme der Kerne, koxnpakteres Chromatin 
vieler Nukleolen, 22: Auftreten von Chromatin-Zusammenballungen noch unbe- 
kannter Bedeutung. 23 : Ende des Puppenstadiums : Zuruckgehen der Zusammen- 
ballungen des Chromatins und geringere Farbbarkeit der Chromatinmasse. 24 : Sta- 
dium des hungen Imago ; erneute Zellbildung ; Struktur etwa gleich Abb. 17. 


Wir halten es aber ftir moglich, dal3 es sich hier um Nukleolen 
handelt, welche, aus dem Kerne austretend, vielleicht eine Stoffwech- 
selbedeiitung im Protoplasma selbst haben; doch gibt es auch noch 
andere Moglichkeiten. 

Bei einer Puppe von etwa 9 Tagen beginnen nun eigentiimlicher- 
weise in den Resten des Sekundaren Syncytiums langsam wieder 
Z e 1 1 w a n d e aufzutreten (Abb. 8) : es entstehen im Plasma nester- 
weise Wande, welche eine bestimmte Protoplasmamasse und 
einen Kern umschliefien. Es ist deutlich, dab der Kern der 
Mittelpunkt der Zellbildung ist — und wir dtirfen wohl 
daraus die Hypothese ableiten, dafi die Krafte, welche die Zellbildung 
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ziiwege bringen, ihre Determination im Kerne haben, Damit wiirde 
das alte Wort von Schwann (1839) in anderem Sinne wiederauf- 
leben: ,,Wenn der Kern eine gewisse Entwicklungsstufe erreicht, so 
bildet sich um ihn die Zelle“; Schwann dachte an freie Zell- und 
Kernbildnng; wir suchen nur nach den determinierenden Faktoren 
der Wandbildung. 

Das Protoplasma ist in tlbereinstimmung mit der Abb. 14 und 
die Kerne mit der Abb. 22: die Struktur der Kerne wird wieder 
weniger deutlich, das Chromatin nimmt weniger stark Farbstoff e 
auf und die Kernmembran wird wieder regelmafiiger. Damit ist die 
Tatigkeit der Stoffwechselzellen wahrend des Puppenstadiums be- 
endigt. 

Die Stoffwechselzellen wahrend des ersten 
imaginalen Lebens 

Wenn der Imago ausgeschliipft ist, so sind nur noch wenige 
syncytiale Bildungen vorhanden : d.h. die Zellen des reduzierten 
„Fettkorpers'‘ haben sich wiederum gebildet; sie sind jetzt aber 
wesentlich kleiner als im Anfang des Puppenstadiums. Abb. 9 laBt 
erkennen> dal5 es sich fast iiberall Zellen gebildet haben. Sie enthalten 
etwa denselben Zellinhalt, wie die Abb. 14 wiedergibt. Abb. 24 zeigt 
die durchschnittliche Kernform, welche einige Ubereinstimmung 
besitzt mit den Kernen der Stoffwechselzellen am Ende der larvalen 
Periode (Abb. 17). 

Die weiteren Untersuchungen werden die Fragen erortern, was, 
wahrend der Synzytiumbildung der Stoffwechselzellen, in ihnen vor 
sich geht und welches das Schicksal der angefiihrten und abgefiihrten 
Stoffe ist. 

Zusammenfassung 

Die Arbeit zeigt als vorlaufige Mitteilung die strukturellen Ver- 
anderungen in den Stoffwechselzellen des Fettkorpers. Diese Zellen 
dienen dazu, die grofie Masse des sich auflosenden Gewebes der Puppe 
in sich aufzunehmen und intraplasmatisch zu verarbeiten. Nach der 
Verarbeitung werden die Stoffe den Restitutionsgeweben der Puppe 
wiederum zur Verfiigung gestellt. Hierbei zeigen sich folgende 
grobere strukturelle Veranderungen an den Stoffwechselzellen : 

Abb. 1-9 zeigen den Wechsel des strukturellen Zusammenhanges 
der Stoffwechselzellen: zuerst liegen die Zellen im Gewebeverbande, 
von einer Tunica gemeinsam umgeben. Dann werden die Zellgrenzen 
gesprengt, und die Kerne kommen frei in einer Plasmamasse zu 
liegen. In dieser Sekundaren Syncytialen Plasmamasse werden 
grofie Mengen von zwei verschiedenen Granula gebildet: Aufbau 
neuer Eiweibstoffe. Es bilden sich auch sehr grofie Zusammen- 
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gesetzte Granula, die als kleine Stoffwechselfabriken gedeutet werden ; 
diese kdnnen grofier werden als die urspriingliche Zelle. Diese auf- 
gebauten Stoffe werden an das Restitutionsgewebe spater abgegeben. 
ScMiefilich geht das Sekundkre Syncytium wieder in einen Zellver- 
band liber, indem sich um jeden Kern und etwas Protoplasma eine 
Zellmembran bildet; es wird angenommen, dal3 die Determination 
der Zelle vom Zellkerne ausgeht. 

Die Abb. 10-14 zeigen die Veranderungen im Protoplasma der 
Stoffwechselzellen : zuerst vorallem Fett, dann zwei verschiedene 
Arten von immermehr wachsenden Granula; scMiefilich werden die 
Zellgrenzen gesprengt. Die Stoffwechselzellen gehen ein in den 
Imago, mit einem Plasma entsprechend Abb. 14. 

Abb. 17-24 lassen die Kemveranderungen der Stoffwechselzellen 
erkennen und zeigen: die Kerngrofie wechselt und erreicht etwa in 
der Mitte des Puppenstadiums den grohten Inhalt. Gegen das Ende 
der Hauptstoffwechselprozesse treten in den Kernen groBe Nukleolen 
auf, welche auch teilweise im Plasma, aufierhalb des Kernes, gefunden 
werden; ihre Bedeutung ist noch unsicher. 
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Studies on the Chromosome Numbers in Higher Plants, with 
Special Reference to Cytokinesis, II 
By 

T. Sugiura 

Osaka Higher School, Osaka 

The studies on the numbers of chromosomes in plants have been 
carried out to an increasingly greater extent and they have indeed 
contributed to the progress in experimental genetical studies, though 
the work that has been done is nevertheless still far from being 
sufficient, especially among families rather than in a genus. The 
present work is a continuation of the studies which have been in 
progress since 1926, 

Material and methods 

Materials used for this study were taken from 27 species, be- 
longing to 18 genera, raised from seeds which were imported from 
Europe, The reagent used for fixing the materials was the Farmer's 
fluid which was modified by the writer and used since 1920, because 
he believes that chromosomes should be fixed under conditions as 
nearly uniform as possible in order to compare their size and form 
in different plants examined. 

The mode of cell division 

The plants described below all show the furrowing process in 
the mode of partition wall formation of the pollen mother cells (cf. 
Sugiura 1936b) . 

Numbers of the chromosomes 

Chrysanthemum rwpestre (Compositae) (Fig. 1). 

It has 9 meiotic chromosomes as other species in this genus. 
They are V-shaped at the first anaphase. 

Acicarpha tfibuloides (Calyceraceae) (Fig. 2). 

This family has been quite unknown in karyological studies ex- 
cept Dahlgren’s (1916). The pollen mother cells are smaller than 
those of the above mentioned Chrysanthemum and especially the filar 
shaped meiotic chromosomes much smaller than the latter. The 
meiotic chromosomes are 8 in number, while Dahlgren thought there 
were about 8. 

StyUdium adnatum (Stylidiaceae) (Fig. 3). 

There has been no chromosome count in this family up to the 
present time. The meiotic chromosomes, being spherical at the 
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second metaphase, are 15 in number. The pollen mother cells are far 
larger than those of Acicarpha in spite of the fact that S. adnatum 
is of small size in our green house. 

Glob ularici cor di folia ' {GlohulsLYi&ce&e) (Fig. 4). 

This family has been little studied in chromosome counts. The 
meiotic chromosomes are spherical and 10 in number. 

Maurandia purpurea (Scrophulariaceae) (Fig. 5). 

The meiotic chromosome number is 12, 4 of which are in the 
centre, the remaining 8 making a ring. 

M. scandens (Fig. 6) . 

The chromosome number in the somatic cells, according to Heitz, 
is 24, but the writer counted ten meiotic chromosomes, one of which 
is situated at the centre in the first meiotic metaphase. 

Brotvallia grandiflora (Solanaceae) (Fig. 7), B. demissa (Fig. 

8), B. viscosa (Fig. 9). 

Formerly the writer studied some plants in BroiualUa, each of 
which had all 11 meiotic chromosomes except B. speciosa which had 
22 meiotic chromosomes. He now also counted 11 meiotic chromo- 
somes in the above mentioned species. 

Salvia dimetorum (Lamiaceae) (Fig. 10). 

The meiotic chromosome numbers hithertO' studied in the genus 
Saliva were 9, 10 and 11, according to our investigation. We find 
the number 7 in the present species. According to Scheel (1930), 
the same number was also' found in S. pseudosilvestris and S. 
recognita. But in recent years the same number was also found in 
S. Candelabrum, grandiflora, nemorosa, offtcinalis and scabiosae folia. 

Thus it seems that Salvia belongs to Tischler’s Carex type. The 
meiotic numbers hitherto found in this genus are 6, 7, 8, 9, 10, 11, 
12, 13, 16, 18, 20, 22 and 32. 

Heuchera sanguinea (Saxifragaceae) (Fig. 11) . 

Formerly Schoennagel (1930) counted 7 meiotic chromosomes in 
this plant which has been confirmed by the present count. Quite 
recently Skovsted (1934) found 3 fragmental chromosomes in addi- 
tion to the normal 7 meiotic chromosomes in a form of the present 
plant, but there were found no such chromosome fragments in our 
material. 

Cleome spmosa (CapparidacQae) (Fig. 13). 

Considering Taylor’s, Tischler’s, lifer’s and the writer’s results 
the genus CZeowe seems to belong to Tischler’s Carex type. The 
meiotic number of chromosomes is 12, but Ufer counted 10. 
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Cleome Candelabrum n = 16 (Fig. 12) . 

Meiotic chromosomes are spherical and smaller than those 
of spinosa. 

Dactylaema micrantha n = 16 (Fig. 14) . 

The genus Dactylaema has not yet been studied cytologically. 


Table 1. Number and size (ij-) of chromosomes in plants 


Plants investigated 

Fig. 

Chromo- 

some 

Number 

(n) 

First 

metaphase 

(9-) 

First I 
anaphase 
(HP 1 

Second 

metaphase 

1 (hO 

Second 

anaphase 

(H-) 

Chrysanthemum rupestre 

1 

9 



1.76x0.76 


Acicarpha tribuloides 

2 

8 



0.63x0.35 


Stylidium adnatum 

3 

16 



1.00 


Globularia cor difolia 

4 

10 

0.75 




Maurandia purpurea 

5 

12 


0.62 



M. scandens 

6 

10 

0.75x0.66 




Browallia grandiflora 

7 

11 


2.0X1.0 



B. demissa 

8 

11 


1.6X1.0 



B. viscosa 

9 

11 

1.6X1.0 




Salivia dumetorum 

10 

7 



0.75 


Heuchera sanguinea 

11 

7 



1x0.75 


Cleome Candelabrum 

12 

16 


0.75 



C. spinosa 

13 

12 



! 


Dactylaema micrantha 

14 

16 


0.5 



Cheridonium 


6 

l.CO 




Franchetianum 

16 






Glaucium comiculatum 

16 

6 




0.75 

Papaver Argemone 

17 

21 

1.0 




P. dubium 

18 

21 

1.125 




P. pinnatifidum 

19 

14 ' 

1.13 




P. oommutatum 

20 

7 

1.25 




P. alpinum, 

21 

7 

1.3 




P. oreophilum 

22 

7 

1.13; 0.62 




Lychnis lagasoae 

23 

12 



0.75 


Portulaca pusilla 

24 

9 



1.26x0.7 


Calandrinia Menziessi 

25 

24 



0.6 


C. procnmhens 







Mesembryanthemum. 







criniflorum 

26 

9 





Thelygonum. japonicum 

27 

11 


1.25 




Glaucium comiculatum (Papaveraceae) (Fig. 16). 

The meiotic number of chromosomes is 6 as in G. Serpieri. 

Papaver Argemone (n = 21) (Fig. 17), P. dubium (n = 21) 
(Fig. 18), P. pinnatifidum (n = 14) (Fig. 19), P. com- 
mutatum (n = 7) (Fig. 20), P. alpinum (n = 7) (Fig. 21), 
P. oreophilum (n = 7) (Fig. 22) . 

Since Tahara’s studies on the genus Papaver, the study of the 
chromosome count has become more and more active recently. 
Ljungdahl (1922), Yasui (1921), Winge (1925) were the chief con- 
tributors. The writer, having already counted the chromosome num- 
bers in several species in this genus, has studied anew other species 
mentioned above. 

In Papaver it seems that there are no such significant differences 
in chromosome sizes among diplont, tetraplont, hexaplont, etc. as far 
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as the present study is concerned. Those species having 7 meiotic 
chromosomes are P. alpinum, commutatum and oreopMlum, among 
which the last species has 6 normal chromosomes and one very small 
one, as shown in Fig. 22. The meiotic number of chromosomes in 
P. alpinum and dubium were found by Ljungdahl (1922) to be 7 and 
14, but the writer’s count in dubium shows 21. P. commiitatum was 
also found by Philip to have the same number 7. 



Pigs. 1-27. xSSOO. 1, Chrysanthemum rupestre. lA. 2, Acicarphairibuloides. IIM, 
3, Stylidium adnaium. IIM. 4, Globularia cordifolia. IM. 6, Maurandia purpurea. 
lA. M. scandem. IM. 1 , Browallia grandifiora. lA. %, B.demissa. lA. 9, B. 
viseosa. lA, 10, Salvia dumetorum. llM. 11, Heuchera sanguinea. IIM, 12, Cleome 
Candelabrum, lA, 13, C. spinosa. IM- 14, Dactylaema micrantha. IIM. 16, 
Cheridonium Franchetianum. IM. 16, Glaueium corniculatum.. IIA. 11, Papaver 
Argemone. IM. 18, P. dubium. IM.. 19, P. pinnatifidum. IM. 20, P. commutatum. 
IM, 21, P. alpinum, IM. 22, P, oreophilum. a, IM. b, IM. (side view). 23, 
Lychnis lagascae. IIM. 2i, Portulacapusilla. IIM. 25, Calandrinia Menziesii. IIM. 

26, Mesembryanthemum criniflorum. IIM, 27, Thelygonum japonicum. lA. 
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Lychnis lagascae (Caryophyllaceae) (Fig. 21). 

The genus Lychnis was previously studied by Blackburn (1928- 
29) and found to have 12 meiotic chromosomes. This species has 
also 12 meiotic chromosomes. 

Portulaca pusilla (Portulacaceae) (Fig. 24) . 

Since Tjebbes counted 9 meiotic chromosomes in P. grandiflora, 
Hagerup, Okura and Blackburn also found the same number in the 
above named plant. The size of the po-llen mother cells is rather 
larger in comparison with the external appearances of anthers. The 
furrowing process commences even in the second metaphase. 
Calandrinia Menziesii (Fig. 25), C. procumbens. 

' The meiotic number of chromosomes in Calandrinia was first 
counted by the writer. Previously three species were studied and 
their meiotic chromosomes were found to be .8, 19, 12 .and 24 
respectively. Thus it seems that this genus is polyphylogen.ic.from 
the karyological point of view. 

Mesembryanthemum criniflorum (Aizoaceae) (Pig. 26). 

The writer has already studied some plants in Mesembry- 
gnthemum and counted 9 meiotic chromosomes in them. The same 
number is also found in this species. 

Thelygonum japonicum (Thelygonaceae) (Pig. 27). 
Thelygonaceae has only the genus Telygonum, in which only 3 
species are found, namely Th. Cynocramhe, Th. macranthum and Th. 
japonicum. The former two are annual while the latter is perennial. 
It is very interesting to note that Schneider (1913) found the meiotic 
number of chromosomes in Th. Cynocrambe to be 10, while the writer 
counted 11 in Th. japonicum. 

The expenses of the present work were partly defrayed out of 
a grant from Japan Society for the Promotion of Scientific Research, 
to the directors of which the writer wishes to express his most 
appreciative thanks. 
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Uiiitersiichiiiige!i iiber die Geschlechtszellea von Spirogonium 
sHcticum Kntz. 

Von 

Seikan Kusunoki 

Himeji-Kotogakko, Himeji 

( Mit 1 Tafel und 1 Textabbildung) 

Einleitung 

Der Bau der veg-etativen Zellen ist bei den Gattungen Spirogyra 
und SirogoniuTn sehr ahnlich. Deshalb sind viele Autoren geneigt, 
Spirogyra und Sirogonmm als nur einer Gattung angehorig zu 
betrachten. Jedoch bestehen bei beiden deutliche Unterschiede in 
der Art der Kopulation. Die Frage, ob Sirogonmm gemischt- oder 
getrenntgeschlechtlich ist, konnte bis heute nicbt sicher entschieden 
werden. H. Kniep’^ schreibt: 

,,Dariiber, ob Sirogonium getrenntgeschlechtlich oder gemischt- 
geschlechtlich ist, liegen einander widersprechende Angaben vor^ 
De Bary (1858) behauptet mit grofier Bestimmtheit, dafi sowohl 
Teile des gleichen Fadens, wie auch getrennte Faden miteinander 
kopulieren konnen. 

Demgegeniiber gibt Gay (1884) an, dai5 nur Zellen verschiedener 
Faden kopulieren. 

Es bleibt zu priifen, ob bei Sirogonium sticticum (Engl, hot,); 
WiLLE, worauf sich beide Angaben beziehen, gemischt- und getrennt- 
geschlechtige Arten existieren, oder ob bei einem der beiden 
Beobachter ein Irrtum vorliegt.“ 

Verfasser hat nun in diesem Sommer einen Monat durch Be- 
obachtungen iiber die Kopulation von S. sticticum angestellt. Seiten- 
kopulation (von einer zur anderen Zelle desselben Fadens) und 
kreuzweise Kopulation (zwischen den Zellen zweier Faden) konn- 
ten nicht beobachtet werden, wohl aber eine andere interessante 
Erscheinung, iiber die im f olgenden berichtet werden soli. ; 

Diese Beobachtungen scheinen Sirogonium sticticum als eindeutig 
gemischtgeschlechtlich erkennen zu lassen. Da die Beschatfung des 
Untersuchungsmaterials leider an eine kurze Zeitspanne wahrend 
des Sommers gebunden ist, war es mir jedoch nicht moglich meine 
Untersuchungen im wiinschenswerten Umfang durchzufiihren. Die 
Fortfuhrung der Arbeit und die Berichtigung etwaiger Irrtiimer mu6 
daher Untersuchungen des nachsten Sommers vorbehalten bleiben. 


1) Kniep, Hans: Die Sexualitat der niederen Pflanzen, 1928. 
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Material und Methode 

Das Material, zaWreiche Sirogonien in Kopulation, wurde Ende 
Juni zufallig nel^en anderen Algen, die zu untersuchen urspriinglich 
beabsichtigt war, im Aquarium entdeckt, 10 Monate nachdem es mit 
diesen zusammen aus dem Fiscbteich Oike bei Himeji in Mittel japan 
entnommen worden war. (Dem Wasser des Aquariums war KNOPsche 
Nahrlosung nicht zugesetzt worden.) Schon Ende Juli waren keine 
Kopulationen mehr zu beobachten. AuOer den Zygoten war der 
Inhalt der Zellen der Faden bereits verkiimmert und die Zellen zeigten 
sich von zahlreichen Oedogonien im Jugendstadium erfiillt. Jetzt, 
im Oktober, sind die Sirogonien vollig durch die ausgewachsenen 
Oedogonien verdrangt. 

Um den Druck des Deckglases auszuschalten, wurden unter 
dessen Rand einige menschliche Kopfhaare oder einige Deckglas- 
splitter geklemmt und um das Praparat vor dem Austrocknen zu 
schutzen, wurde es in einem feuchten Behalter aufbewahrt. 

Beobachtung 

Die Formen der steril bleibenden Zellen. Nach den 
Angaben der bisherigen Autoren enthalt entweder der mannliche 
Faden je eine lange und eine kurze steril bleibende Zelle, der weib- 
iiche jedoch nur eine einzige sterile Zelle (Textabb. 1, A, erste Form) 
Oder (Textabb. 1, B, zweite Form) ; mannlicher und weiblicher Faden 
enthalten also je nur eine steril bleibende Zelle. Das Auftreten dieser 
beiden Formen wird als regelmafiig bezeichnet. Wie jedoch Fig. 2 
(Taf. 31) der vorliegenden Arbeit zeigt, kann auch im mannlichen 
Faden nur eine einzige steril bleibende Zelle auftreten, wahrend der 
weibliche Faden deren zwei aufweist, die in der GroBe nicht verschie- 
den sind (dritte Form). 

Fig, 5 zeigt dann sowohl im mannlichen, wie im weiblichen 
Faden= je eine kurze und eine lange steril bleibende Zelle (vierte 
Form). 

Fig. 6 schliefilich laBt im mannlichen, wie im weiblichen Faden 
je eine steril bleibende Zelle erkennen. Rein zahlenmaBig ware damit 
der Fall 2 gegeben, jedoch besteht ein wesentlicher Unterschied 
in der Lage der Zellen (fiinfte Form) . 

Textabb. 1, B stimmt mit Fig. 12 beinahe iiberein. 

Aufier diesen genannten Beispielen wurde noch eine groBe 
Anzahl anderer Formen und Gruppierungen der steril bleibenden 
Zellen beobachtet, z.B. eine grofiere Anzahl hintereinanderfolgender 
steriler Zellen. 

Mannliche und weibliche Gametangien. Nach den 
bisherigen Beobachtungen gehen aus dem mannlichen Gametangium 
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naeh zweimaliger Teilung zwei steril bleibende Zellen hervor, aus 
den weiblichen Gametangien wird nach einmaliger Teilung je eine 
steril bleibende Zelle abgetrennt. Deshalb ist das mannliche Game- 
tangium stets viel kiirzer als das weibliche. (de Bary, Kniep, H., 
Fritsch, F. E., Okamura, K., Oltmanns, F., West, G, S.) Nach 



Tptabb. 1, erste Form. B. zweite Form. Die Abbildungen 2 ', 6', 10', 12' 

Sind (die angegebenen Reihenfolge entsprechend) etwas schematisierte Darstellungen 
der auf die Tafel wiedergegebenen Photographien (Taf. 31, Fig. 2, 3, 5, 6, 7, 10, 12), 
S steril bleibende Zelle, c? mannliche Gametangium, 9 weibliche Gametangium, 

G. M; Smith entstehen sowohl mannliches, wie weibliehes Game- 
tangium nach einmaliger Teilung. Auch in diesem Falle ist das 
mknnliche Gametangium kurzer als das weibliche. Auch, nach den 
allgemein bekannten Abbildungen ist das mannliche Gametangium 
kurzer als das weibliche. In meinem Falle jedoch ist iiri Gegenteil 
das mannliche Gametangium sehr haufig viel langer, als das weibliche 
(Fig, 7 zeigt dies hinreichend deutlich, jedoch warden sehr haufig 
noch ausgepragtere Falle beobachtet, von denen leider keine Photo- 
graphie vorliegt) . Die weiblichen Gameten haben nach den 
bisherigeh Beobachtungen bauchigaufgetriebene, die mannlichen 
schlanke Gestalt. Auch hier konnte ich gegenteilige Falle beobachten. 
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So zeigt die Fig. 8 ein stark aufgetriebenes mannliches Gametangiura. 

Gestalt der Zygote n. Die weiblichen Gametangien sind 
wie gesagt teils dick, teils schlank, teils lang, teils kiirz. Die Zygoten 
zeigen dementsprechend teils rundliche teils elliptische Gestalt, manch- 
mal treten auch abnormale Formen auf (Fig. 9 und 10). Fig; 10 
zeigt eine abnorme IFberwmterungsforin, welche die Merkmale vor- 
zeitiger, rasch wieder zum Stillstand gekommener Keimung zeigt. 
Man konnte zunachst glauben, dafS man es mit einer Aplanospore zu 
tun babe, aber bei genauerer Betrachtung erkennt man aus der Nach- 
barscbaft der steril gebliebenen Zellen und aus der Eintrittsstelle des 
mannlichen Plasmas den Charakter der Zygote. Auch bei Ulothrix 
hat Verfasser friiher schon eine ahnliche Form beobachtet und sie 
zunachst fiir. eine Aplanospore gehalten. Die Beobachtung des vor- 
liegenden Fades konnte auch Licht auf den bei Ulothrix beobachteten 
werfen. Doch das soil Gegenstand einer spateren Untersuchung sein. 

Parthenogenese. Pig. 12 MBt eine deutliche Partheno- 
genese erkennen. Pig. 13 zeigt den haufig beobachteten Fall einer 
rundlich geformten, nicht naher bestimmbaren Substanz im Innern 
einer (steril bleibenden) Zelle. Vielleicht besteht eine Beziehung 
zwischen dieser letzteren Erscheinung und der deutlichen Partheno- 
genese einer steril bleibenden Zelle in Fig. 12. Wahrscheinlicher ist 
allerdings, daO es sich um ein Abbaustadium handelt. 

Falls es sich bei der Pig. 11 auch um einen Fall von Partheno- 
genese handeln sollte, wiirde sie dartun, dafS es auher der rundlichen 
Form der Fig. 12 auch bei den parthenogenetischen Zygoten eine 
zweite, langliche Form gibt. 

Verbindungskanal. Spirogyra punctata Cleve und ahn- 
liche Arten unterscheiden sich von den gewohnlichen Spirogyra- 
Arten, indem sie, wie Sirogomum, keine spiraligen ChloroplaSten 
besitzen und bei der Kopulation wie Sirogomum steril bleibende 
Zellen bilden. Auch erfolgt bei der Kopulation wie bei Sirogo- 
nium die Annaherung beider Gameten durch knieformige Biegung. 
Ein bemerkenswerter Unterschied besteht jedoch darin, dafi ein 
deutlich ausgepr^ter Verbindungskanal bei Sirogonium nicht ge- 
bildet wird. Danach besitzt der Verbindungskanal eine besondere 
Bedeutung als Unterscheidungsmerkmal. 

Fig. 15 zeigt nun einen Fall von Sirogonium, bei dem lange 
vor der Kopulationszeit sich an einer Zelle eine Vorwolbung bemerk- 
bar macht. Derartige Palle wurden haufig beobachtet, teils derart, 
dal3 an mehreren aufeinanderfolgenden Zellen eines Fadens je eine 
solche Vorwolbung, alle nach der gleichen Seite gerichtet, auftritt, 
teils dafi an den zwei gegenuberliegenden Langseiten einer und der- 
selben Zelle je eine derartige Vorwolbung sich findet. Auf den 


854 


S. Kusunoki 


Cytologia, Fujii jub. vol. 


Figureil 3 und 4 zelgt das rechte Gametangium einen deutlich 
eritwickelten Verbindungskanal. Das weibliche Gametangium (Fig. 
8 links) zweigt eine verbindungskanalahnliche Vorwolbung, die 
jedoch nicht als echter Verbindungskanal anzusprechen ist. Mbg- 
licberweise besteht eine.„ Beziehung zwischen solcben letzteren Bil- 
dungen und den Vorwolbungen in der Art der Fig. 15, denen dem- 
nach vielleicht ein geschlechtlicher Charakter zuzusprechen ware. 

Wenn solchen Vorwolbungen wirklicb der Charakter von Ver- 
bindungskanal-Anlagen zukommt, waren vier Falle zu unterscheiden : 

1. (Fig. 2): Selbst die Andeutung eines Verbindungskanals 
ist nicht vorhanden. 

2. (Fig. 8) : Eine Vorwolbung, die als Andeutung eines Ver- 
bindungskanals aufgefafit werden kann, ist bei der weib- 
lichen Gamete entwickelt. 

3. (Fig, 3 und 4): Ein Garnet zeigt einen deutlich aus- 
gebildeten Verbindungskanal. 

4. An Zellen, derren Geschlechtlichkeit noch nicht erkennbar 
ist, zeigen sich vorzeitig Ansatze zur Bildung von Verbin- 
dungskanalen. 

Auf jeden Fall scheint sich hier ein stufenweiser phylogene- 
tischer Ubergang zu Spirogym anzudeuten. 

Die nahere Untersuchung der Umstande, unter denen die Bildung 
des Verbindungskanals vor sich geht, soli einer spateren Unter- 
suchung des Verfassers vorbehalten bleiben. 

Zeitpunkt der Bildung der steril bleibenden 
Zellen. Wie Fig. 14 zeigt, sind den steril bleibenden Zellen 
ahnliche Gebilde schon in einem sehr friihen Entwicklungsstadium zu 
beobachten. Wenn es sich hier um echte steril bleibende Zellen 
handelt, waren zwei Falle der Bildung steril bleibenden Zellen zu 
unterscheiden: 

1. Vorzeitige Bildung, vor der Beriihrung der Gameten. (Fig. 
14). 

2. Bildung nach der Beriihrung der Gameten. (Fig. 3 : die 
nach der Gametenberiihrung entstandene steril bleibende 
Zelle ist noch nicht vollig ausgebildet.) 

Protoplasmakontraktion in den Gameten. Bei der 
Kopulation kontrahiert sich nach den Angaben vieler Autoren das 
Plasma des mannlichen Gameten zuerst (Fig. 7 und 8) . Nur diese 
Feststellung konnte durch meine Beobachtungen in vollem Umfang 
bestatigt werden. 

Besprechung der Ergebnisse 

Mit der Beobachtung, dal3 das mannliche Gametangium immer 
kiirzer als das weibliche und das weibliche immer dicker als das 
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mannliche sei, stimmen meine Beobachtungen nur zum Teil iiberein. 
In einer Reihe von F^le hat Verfasser geradezu das Umgekehrte 
beobachtet. Bei Kopulation in friihen Stadien kann daher mit ab- 
solutor Sichorhcit iibor don mannlichon odor woiblichon Charaktor'dor 
Gameten nichts ausgesagt werden. Die genannten morphologischen 
Kriterien versagen hier. Aus diesem Grunde wurde tiber den 
Charakter der Gameten in den Fig. 3, 4 und 6 nichts ausgesagt 
F. Weber unterschied im Jahre 1929 mannliche und weibliche 
Gameten von Spirogyra. auf Grand der verschiedenartigen Plasmo- 
lyse, im Sinne seiner protoplasmatischen Pflanzenanatomie. Ob diese 
Methods auch im vorliegenden Falle anwendbar ist, konnte im vor- 
liegenden Falle noch nicht gepriift werden. Wohl well das morpholo- 
gische Kriterium bisher als ausreichend betrachtet wurde, ist fiir 
Sirogonmm eine derartige Untersuchung bis jetzt unterblieben. 

In fortgeschrittenen Kopulationsstadien jedo.ch ist eine Unter- 
scheidung der Gameten leicht moglich, da sich das Plasma des mann- 
lichen Gameten zuerst kontrahiert. 

Trotzdem Seitenkopulation oder kreuzweise Kopulation nicht 
beobachtet wurden, mochte Verfasser doch auf Grund der stark 
fluktuierenden Geschlechtsmerkmale Sirdgonium als gemischtge- 
schlechtlich bezeichnen. 

Zusammenfassung 

1. Die morphologische Unterscheidung des Geschlechtscharakters 
der Gametangien von Sirogonium ist keine zuverlassige Methode. 

2. Auch die zahlenmabige und morphologische Beriicksichtigung 
der steril bleibenden Zellen gestattet keine zuverlassige Bestimmung. 

3. Bei jiingeren Kopulationsstadien kann daher 
mangels anderer Methoden bis jetzt keine Bestim- 
mung des Gametencharakters vorgenommen werden. 

4. Die Methode, den Gametencharakter bei fortgeschrittenem 
Kopulationsstadium durch Beobachtung der Plasmakontraktion zu be- 
stimmen (das Plasma der mannlichen Gameten kontrahiert sich zuerst), 
konnte durch die vorliegende Untersuchung bestatigt werden. 

5. Auf Grund der bei diese rUntersuchung gewon- 
nenen Gesichtspunkte ist Sirogonium als gemischtge- 
schlechtlichzu bezeichnen. 

6. Die rundliche, langliche oder abnormale^ Form der Zygote ist 
durch die Gestalt des weiblichen Gametangiums bestimmt. 

7. In steril bleibenden Zellen wurde Parthenogenese beobachtet. 

8. Vorwolbungen der Zellen, welche vielleicht als 
Ans^tze zu Verbindungskanalen zU deuten sind, wur- 
den in friihen Stadien, richtige Verbindungskanale 
in zahlreichen Fallen im Stadium der Kopulation beo- 
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bachtet. Phylogenetisch sind vielleicht stufenweise 
die Ubergange zu Spirogyra gegeben. 

9. Es kann nichts dariiber ausgesagt werden, ob zwischen den 
kleinen Zellen^frUher Entwicklimgsstadien und den spateren steril blei- 
benden Zellen im Stadium der Kopulation eine Beziehung besteht. 

_ Diese kleine Arbeit mochte ich meinem hochverehrten Lehrer, Herrn 

Prof honor. Dr. K. Fujii anlafilich der Feier seines 70. Geburtsta^s 
ergebenst widmen. ^ 
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The Somatic Chromosomes of Trillium 

By 

Edward C, Jeffrey 

The genus Trillium of Eastern Asia and North America has in 
recent years proved tO' be a cytological object extremely favorable 
for the investigation of general problems by reason of the extremely 
large size and relatively easy preparation of its chromosomes. 
Matsuura together with a number of other Japanese investigators 
and Nebel and Huskins in North America have occupied themselves 
with the study of the reproductive or meiotic chromosomes of the 
genus. These elements are favorable for study on account of their 
greater size but present the disadvantage of being involved in the 
nexus of conflicting and often highly controversial cytogenetical 
theories. This is the greater disadvantage as at the present time in 
cytogenetical investigation genetical theory seems to have far out- 
stripped the firm basis of cytological facts. In the case of the somatic 
or more accurately the sporophytic chromosomes, we have to do with 
elements which have only half the volume of the reproductive ones 
and on account of their greater length are much less than half as 
thick as the corresponding reproductive chromosomes. In the case 
of structures approaching the verge of microscopical visibility this is 
certainly a handicap to be reckoned with. Further the greatest 
advances in the study of the extremely important minute organiza- 
tion of the chromosomes has been obtained by the agency of the 
smear method, only applicable to separate or loosely aggregated cells 
such as are frequently found in the case of the mother cells of the 
gonads or reproductive elements. The texturally closely united c$lls 
of the soma (sporophyte) can not be investigated by the method of 
smearing as under these circumstances they suffer serious injury. 
This signal disadvantage has made expedient the development of a 
method which would supply in the case of the cells of the body of the 
sporophyte in plants or the soma in animals a perfection of preserva- 
tion comparable to the best results obtained in the case of the repro- 
ductive cells by the smear method. After many efforts this desirable 
end has been reached by a procedure described in subsequent para- 
graphs. 

Material 

For the investigation here described four American species of 
Trillium have been employed, namely T. grandiflorum, T. erectum, T. 
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undulatum and T. stylosiim. These four species are often grown for 
planting on estates in New England and it is thus easy to secure 
quantities of material with the minimum of effort. The species under 
consideration are also commonly kept dormant in cold storage so that 
there is considerable latitude in season. All the species named except 
T. undulatum have done well , in our experience under greenhouse 
conditions. Over four hundred corms each of T. grandiflorum and 
of T. erectum have been studied in the present connection. In the 
case of the remaining two species one hundred specimens of each 
have been available. On receipt the corms are planted in shallow 
boxes about ten centimeters deep. The rapidity of development of 
the roots, which constitute the most favorable part of the plant for 
cytological investigations, depends on the temperature of the green- 
house and the season, since the new roots normally develop after the 
flowers have faded. 

Methods 

As intimated above it has been found necessary to develop a 
special technique for the satisfactory preservation of the somatic 
cells. After much fruitless experiment the following method proved 
advantageous. It depends on two considerations. First of these 
is the rapid or rather instantaneous access of the best preservatives 
to the cells. This was attained by slicing the material into sections 
nearly thin, enough for direct observation under the microscope. 
These thin slices are pushed off the blade of the knife rapidly into 
the preserving fluid. As soon as a moderate number of slices are 
in the fluid, they are exhausted under an air pump. An automobile 
tire pump in which the piston has been reversed and the check valve 
removed answers very well for this purpose and has the advantage 
of being readily transported either to the field or the greenhouse. 
After a sufficient amount of material has been accumulated the bottle 
is set aside in a cool place (a refrigerator serves very well) over 
night. It is then washed to remove the excess of preservative. Wash- 
ing under running water is not necessary as a dozen or more decanta- 
tions suffice, since it is not essential to remove the; reagents entirely: 
from the tissues. The material is then run up in grades of alcohol 
until 70 per cent is reached in which it may be stored indefinitely. 
Benda’s fluid consisting of four volumes of chromic acid of one per 
cent, strength (to which is added one fifth of a per cent of glacial acetic 
acid) plus one volume of osmic acid of two per cent strength was used 
to advantage. This fluid in various individual modifications is cur- 
rently used by cytologists at the present time where the best fixation 
is'desifed. In the case of the roots it is often more advantageous to 
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slice them longitudinally. This may be done in the manner of the 
older botanists by placing the root between thumb and index finger 
and slicing lengthwise one or more times. 

Assuming that the material is in alcohol of seventy per cent, it 
is raised by degrees to 95 per cent. After remaining a few hours 
in strong alcohol it is transferred to a mixture of equal parts of 
alcohol and glycerine for half an hour or indefinitely. Beforehand 
a number of pieces of homogeneous cardboard 18 millimeters square 
are prepared. The cardboard should be free from paper pasted to 
either surface as is often found in ornamental board. The material 
is now transferred on a section lifter to the cardboard, care being 
taken not to spread it too thickly (not more than a millimeter or two 
in depth) . The next step is to drop a six per cent solution of nitro- 
cellulose in a mixture of alcohol (95 per cent) and ether over the 
cards. After this has dried slightly, pieces of paraffined paper cut 
the size of the cards are placed over the material and wrapped around 
in two dimensions by fine thread (50 to 60 gage) which is securely 
tied. The cards are now placed in 95 per cent alcohol to which about 
10 per cent of chloroform has been added for the purpose of harden- 
ing the nitrocellulose. The cards are then placed in clean alcohol and 
thoroughly pricked with a fine needle. The holes should not be more 
than a millimeter apart. The cards are now freed of air by means of 
an air pump. The cards are now embedded in nitrocellulose after 
the manner described by Jeffrey (1) and Wetmore (2). Sections 
are cut on the sliding microtome, which may be stained in any desired 
manner as the matrix on nitrocellulose presents no hindrance to 
differential staining. The author has discarded the customary crystal 
violet in favor of double staining by iron alum hematoxylin and 
safranin. After subjection for a half hour or more to the action of 
iron alum, the sections after careful washing are transferred to a 
solution of one tenth of one per cent of crystallized hematoxyline, 
which may be kept indefinitely by the addition to saturation of phenol. 
After half an hour sojourn in hematoxylin they are bleached carefully 
under the microscope by a much diluted solution of iron alum (one 
half of one per cent answers very well) . When the hematoxylin color 
is nearly gone, the sections are again very carefully washed to remove 
all trace of iron alum, which would cause early fading. They are 
left over night advantageously in extremely weak safranin, made by 
adding a single drop of an alcoholic solution of safranin to a watch- 
glass of distilled water. Next morning they are dehydrated by suc- 
cessive changes of absolute alcohol, to which a little chloroform has 
been added in order to prevent the softening of the nitrocellulose 
embedding mass. Three changes of absolute alcohol are sufficient 
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for dehydration and the amount of safranin retained depends on the 
rapidity of transfer through the several changes. Generally speaking 
it is advisable to decolor until the red tint has disappeared from the 
matrix and from the section. If this is carried too far the safranin 
is removed from the nucleus. The combination of safranin and 
hematoxylin reveals an unusually rich detail of nuclear structure. 
Naturally the nucleus is best preserved in those cells nearest to the 
fixing reagent, but if the slices are made thin enough the cells are 
in general well preserved, particularly the nuclear structures. The 
sections are now cleared in xylol or benzol and mounted in Canada 
balsam or Dammar resin dissolved in xylol or benzol as the case may 
be. Benzol offers the not inconsiderable advantage of much more 
rapid hardening of the mounted preparations. The mounts are 
flattened and cleaned in the usual manner in preparation for study 
under the oil immersion. In the present investigation Zeiss 3 mm. 
aperture 1.4, 1.5 mm. aperture 1.80 and Leitz 3 mm. aperture 1.4 and 
Leitz one sixteenth have been employed. These were controlled by 
Zeiss and Leitz 2 mm. aperture 1.4 lenses. 

The large size of the chromosomes makes observations in the 
case of Trillium particularly favorable. T. grandiflorum has the 

largest chromosomes of the four 
species studied but all were suitable 
for study. Figure 1 shows a meta- 
phase from a longitudinal section 
of the root of T. grandiflorum. The 
chromosomal elements are not only 
divided into two daughter chromo- 
somes which are quite distinctly 
separated from one another, but 
these in turn are subdivided into 
two daughter chromatids (chromo- 
nemata) which are still retained 
within the body of the daughter 
chromosome. These two‘ secondary 
chromonemata or chromatids do not 
acquire complete individuality until 
the next following metaphase. It 
Fig. 1. Metaphase of Trilliumgrandi- will be seen that the primary 
florum. X3000. daughter chromosomes are in some 

cases coiled around one another 
although this feature, which is marked in the prophases preceding 
the metaphase has to a large extent disappeared. In other words the 
primary daughter chromosomes have become largely straightened out 





1937 The somatic chromosomes of Trillium 861 

and with the onset of the anaphase this condition becomes the rule. 
An interesting condition is presented in the case of the subdivision 
of the primary daughter chromosomes. The line of separation tends 
towards the curved or rectilinear. The marked spiral condition, which 
as will be seen immediately, marks the anaphase, is absent. It is at 
this stage that the subdivision of the daughter chromosomes is 
effected. Consequently the problem presented by the appearance of 
two contrarywise enwrapped spirals at a later stage is resolved by 
a study of the origin of the spirals, since the chromatids are originally 
not characterized by the presence of the so-called gyres, which as we 
shall see are of later origin. 

Figure 2 A shows the definitely developed anaphase in the case 
of the root of T. grandiflorum. Gyres are now strikingly present 


Fig. 2. Anaphases, A, T. grandiflorum, x3000; B. T. stylosum, x3000. 


and are the result of the spiralization in opposite directions of the 
two chromatids or chromonemata of the daughter chromosomes fol- 
lowing the metaphase. The spiralization of the chromonemata in 
the anaphase is beyond reasonable doubt a contraction phenomenon. 
It is just as easily explainable or unexplainable as the spiralization 
of the flowering axis of Nymphaea, Vallisneria and many other water 
plants for the purpose of drawing the fruit down below the surface 
of the water. As the anaphase verges into the telophase the two in- 
volved spirals of each anaphase chromosome become violently con- 
tracted so that details of structure are for a time more or less com- 
pletely obliterated. Gradually the contraction is relaxed and the 
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reversely spiraled chromatids are again visible. The spirals are now 
broader and the so-called gyres are closer together. This stage is 
followed by one in which the original pair of gyrating chromatids, 
while for the moment retaining their joint individuality, gradually 
undergo a process of loosening up in which the spiral structure finally 
disappears. Next the individuality of the chromosomal elements is 
lost in the apparently granular or reticular resting stage. Nucleoli 
now begin to appear in the substance of the resting nucleus. As 
a prelude to renewed activity, the nucleoli again disappear and 
chromosomal organization is once more established. The spireme is 
at first apparently continuous and shortly is obviously double once 
more, with its two chromatids or chromonemata reversely wound 
around one another, thus resuming the double organization and strong 
spiralization, characteristic of the anaphase. Gradually the prometa- 
phase appears and with it the individuality of the ten chromosomes 
is once more established. Gradually the spiralization of the chromo- 
somes becomes obliterated as the metaphase is fully established. The 
metaphase chromosomes having now become considerably straightened 
out divide longitudinally into two relatively rectilinear or curvelinear 
halves, which later as the metaphase passes into the anaphase become 
strongly contracted in the form of reversely orientated spirals, 

It is thus obvious that the somatic chromosomes present a strong 
contrast to the reproductive chromosomes and those of the gameto- 
phytes as described by Huskins (3), Matsuura (4) and Jeffrey (5) 
as well as by many others. The diversity of the mode of mutual 
relation of the chromatids in the two kinds of cells is the striking 
feature, for in the reproductive cells and the gametophytes of 
Trillium the spirals in general run in the same direction, whereas in 
the sporophytic (somatic) cells they run in reverse. The present 
writer has observed the same contrast in the case of Tradescantia, 
where there is likewise parallelism in the chromatids of the 
reproductive elements and reverse order in the case of the somatic 
cells. Apparently the mutual orientation of the twin chromatids is 
not a matter of great importance as in the majority of known cases 
they are reversely orientated even in the reproductive cells. This 
is true for example of Lilium, Allium and Vida faba. 

Figure 2, B shows the smaller chromosomes of the late metaphase 
of T. stylosum. Although the chromosomes still show to some extent 
the paired condition characteristic of the metaphase, the contained 
pairs of daughter chromatids present the strongly spiralized condi- 
tion which is so marked a feature of the anaphase. The figure in 
fact might well be characterized by the appellation metanaphase. 
Although the daughter chromosomes of the anaphase are clearly 
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separate and distinct the anaphase chromatids are still lodged in a 
common chromosomal body. 

At this stage it will be convenient to refer to the appearance 
presented by the chromosomes in transverse section. In the meta- 
phase we see two daughter chromosomes; distinct from one another 
and lying side by side. If each of the daughter chromosomes is like- 
wise examined in transverse section it appears to have a light center 
of linin surrounded by chromosomal material. It is possible to note in 
favorable cases that the surrounding cordon of chromatin is divided 
into two. This represents the cross section of the two chromatids 
which have originated already in the daughter chromosome following 
the metaphase. Later in the anaphase the individuality of the 
daughter chromatids (not to be confused with the daughter chromo- 
somes) becomes still more clearly developed. 

In this connection it becomes possible to make an apparently 
plausible suggestion in regard to the nature of the so-called chromo- 
meres, which have been identified by the cytogeneticists as the 
morphological representatives of the highly theoretical concepts, 
known as genes. The present writer has not been able to identify 
any structure in the chromosomes of active nuclei corresponding to 
chromomeres. The structures so designated appear in the light of 
the study of apparently more perfectly preserved material, to be 
optical illusions corresponding to the gyres of chromatids or to their 
points of crossing where reversely oriented. If such turns out to be 
a true description of their nature, they can no longer be used as a 
basis of cytogenetical speculations in regard to genes, chiasmatypy, 
etc., etc. 


It will be advantageous at this stage to present the evidence of 
photomicrographs. Figure 3, A shows a moderately magnified photo- 
micrograph of the meta- 
phase in the somatic cells 
of T. gmndiflorum. The 
presence of the daughter 
chromosomes resulting 
from division can be 
distinguished and it is 
obvious that to some ex- 
tent the daughter chro- 
mosomes are still spirally 
involved with one another 
in opposite directions. 

Item B of the same figure 
represents a more highly magnified view of the same metaphase, in 



Fig. 3. 


Metaphases of T. grandijlorum, A. xlOCO 
B. X1500; C. X1500. ’ 


864 


E. C. Jeffrey 


Cytologia, Fujii jub. vol. 


which the features are correspondingly clearer. In C is shown 
another metaphase. In the second upper pair of chromosomes from 
the right of the illustration, it is possible to make out that the 
daughter chromosomes are already subdivided into chromatids or 
chromonemata, which instead of showing strong spiralization as they 
do at a later stage represent a condition of parallelism, following their 
origin from the longitudinal division of each daughter chromosome. 

In Figure 4, A is shown under a considerable degree of magnifica- 
tion the anaphase. Even with this magnification it is obvious that the 



Fig. 4. Anaphases, T. srandiflanim, K. X1500; B. x3300; C. x3000; D. XSDOO. 


chromatids are spiral in their organization both in the upper and 
lower groups of chromosomes. In B is shown a very highly magnified 
picture of the late anaphase. The spiral nature of the chromatids 
can be distinguished in the second chromosome from the left of the 
upper group appearing in the illustration. In C appears another highly 
magnified view of an anaphase in its broad aspect. The chromosomes 
here again show spiral structure both in the lower and upper groups. 
In D are shown two views at different foci of the upper group of chro- 
mosomes. The structures in question might by some be interpreted in 
terms of the alveolar in contrast to the chromonemal organization 
of chromosomes. The extreme magnification (over 3000) makes 
sharp focusing of stained structures difficult. It should be emphasized 
in this connection that the diameter of the sporophytic chromosomes 
in Trillium is only about one fourth that of the reproductive chromo- 
somes, due to their halved volume and much greater length. 
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Conclusions 

It should be emphasized in this connection that the best possible 
technical manipulation is necessary in dealing with the extremely 
minute structures involved in the organization of the nucleus, 
particularly the somatic nucleus and its activities in division. It is 
considered that the improvements in methods described at the outset 
of the present communication throw a considerably greater light on 
the minute organization of the nucleus, a subject of extremely great 
biological importance. They further give promise of bringing about 
a much to be desired clarification of the mutual boundaries between 
cytology and genetics. There apparently exists at the present time 
a deplorable tendency to base too great genetical conclusions on too 
imperfectly known cytological structures. 

It further seems obvious that the continued study of the somatic 
chromosomes with improved methods, in spite of their relatively small 
size, will be of the greatest advantage to cytology. This is true be- 
cause the course of events in the case of the reproductive chromosomes 
has become extremely involved with cytogenetical hypotheses. Since 
the course of kariokinesis in the soma is essentially the same as in 
the reproductive mother cells there is good reason to hope that we 
shall before long have a clear and more satisfactory conception of 
the nature of the reduction division, sex chromosomes etc. 

It is now obvious that the chromatidal or chromonemal organiza- 
tion of the chromosomes is in the way of being more firmly established 
and that the alveolar hypothesis must be relegated to the limbo of 
outworn hypotheses. The chromomere as a constituent of active 
chromosomes appears to lack firm foundation and can scarcely be 
considered in the light of the morphological basis of the gene. 

Summary 

1. In spite of their smaller size the somatic chromosomes are 
well worthy of investigation. 

2. Improvements in cytological technique are here described 
which make possible as accurate fixation of the somatic cells as that 
afforded by the best procedure in the case of the smear method. 

3. The somatic cells on account of the difficulties of fixation 
have not been made to bear the extreme load of theory which has 
been imposed on the reproductive elements. 

4. The essential organization of the dividing nucleuses chroma- 
tidal or chromonemal. 

5. In the metaphase the chromatids, originating in the anaphase 
or late metaphase of the preceding divisions, become separated from 
one another and divest themselves of their spiral involvements. 
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6. At this stage they subdivide longitudinally. 

7. Later as the metaphase passes into the anaphase the two 
chromatids of each daughter chromosomes become spirally involved 
in opposite directions. 

8. This involvement reaches its extreme condition in the fully 
developed anaphase. 

9. The chromatidal pairs undergo strong contraction in the 
telophase. 

10. This condition is followed later by a loosening in which 
the pairs of chromatids again reveal their identity. At this stage 
their spiral structure is no longer obvious. 

11. Their identity is apparently lost in the resting stage. 

12. Nucleoli make their appearance in the resting nuclei. 

13. The revival of nuclear activity brings with it the disap- 
pearance of the nucleoli and the reestablishment of the filamentous 
organization. 

14. The nuclear filament is clearly double and consists of two 
chromatids reversely coiled. 

15. The spiralization gradually disappears with the develop- 
ment of the metaphase. 

16. The so-called chromomeres are apparently optical illusions 
based on the misinterpretation of gyres or contragyres resulting from 
imperfect preservation. 

17. The study of somatic divisions with improved methods is 
apparently destined to throw a new fundamental light on the nature 
of the meiotic or reduction division. 
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The Chromosomes of Two Elasmobratich Fishes 

By 

Sajiro Makino 

Zool. Inst., Hokkaido Imp. Univ., Sapporo 
(With 21 Text figures) 

The Elasmobranchs, or sharks and skates, were the classical 
objects of investigations in spermatogenesis and oogenesis, which 
were carried out at the end of the last and in the beginning of the 
present century, a number of papers having been published in this 
field by pioneer investigators (cf, Oguma and Makino ’32) . The 
majority of the investigations were directed towards elucidation of 
the maturating phenomena in the sperm and egg cells, and, con- 
sequently,, the chromosome studies were, at that time, of secondary 
importance to the earlier investigators, who, at best, made only an 
approxiniate calculation, of the chromosome number in these animals. 
Probably due to the fact that the Elasmobranchs are comparatively 
difficult material for cytological study, not much prpgress was made 
in this direction. Whilst circumstantial works oh Teleosts, another 
group of Pisces, analyzing the number, shape and beliaviour of their 
chromosomes carried out with advanced karyological technique con-: 
tinned to appear from time to time (Winge ’22, Geiser ’24, Foley ’26, 
Vaupel ’29, Iriki ’32, a, b, Friedman and Gordon ’34, Ralston ’34, 
Makino ’34 a, b, ’37, Prokofieva ’34, Bennington ’36) . Under these 
circumstances, an accurate survey of the chromosomes of Elasmo- 
branchs becomes increasingly necessary in order to establish chro- 
mosomal relation with Teleosts on the one hand, and, on the other 
hand, to enable us to have a glimpse of the course of karyological 
evolution in vertebrate animals. The present paper dealing with 
the chromosomes of two species of the Elasmobranchs, the shark and 
the skate, has been prepared with this point in view. 

The work has been carried out under the guidance of Prof. Kan 
Oguma to whom the author wishes to express his best thanks. 

1. The Skate, Raja meerdervoortii Bleeker 

The skate herein dealt with is a common representative of the 
Rajidae belonging to the suborder Batoidei, which is abundant on the 
coasts of Japan, especially northward. The material on which the 
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following observations are based, consisted of the testes of two speci- 
mens obtained at the Asamushi Marine Biological Station, Aomori- 
Ken, by the author in May 1934, through the courtesy of Phof. S. 
Kokiibo, and the author tenders his thanks to him for the kindly 
help. The testes were dissected out in the living state, cut into small 
fragments, and dropped into Champy’s mixture. Sections were 
stained with Heidenhain’s iron haematoxylin. In the preparations 
thus made the chromosomes were preserved with sufficient distinct- 
ness to admit of an accurate survey. 

The Spermato gonial Chromosame: Due to the considerably 
large size of the cell in this species, as contrasted with the 
Teleosts, the study of chromosomes could be carried out with 
facility in spite of the Targe number of chromosomes. The 



Text figs. 1-2. Baja meerdervoortii Bleeker. Metaphase groups of the spermatogonia, 
104 chromosomes in each. x3400. 

spermatogonial chromosomes were examined in several clear meta- 
phase plates, in order to confirm the number and form of chromo- 
somes. Text figs. 1 and 2 are polar views of the spermatogonial 
metaphase which were drawn from well preserved, large equatorial 
plates. By carefully counting such clear figures it was decided with- 
out any difficulty that the number of chromosomes in a sperma- 
togonium is 104. The chromosomes are seen at the metaphase in 
the usual radial arrangement forming a typioail rosette; the larger 
chromosomes, which assume the rod shape in telomitic kind, taper- 
ing at their inner ends and numbering about 20, occupy the outer 
circle of the spindle, with the smaller ones of granular or spherical 
form in the central area. 

According to the apparent featural resemblance in size and 
form, the homologous chromosomes could be easily distinguished 
among the larger ones which vary in length in graded order, while 
the smaller ones could not be paired equally easily inasmuch as all 
such chromosomes assume uniform shape and size without showing 
any deviation which could be utilised as a character for identifica- 
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tion. After examination in this manner it can only be said that no 
unpaired elements could be identified among- the larger chromosomes 
so far as their morphological characters admitted of a comp'arison. 
As to whether any kind of chromosomes peculiar in respect of shape 
and behaviour is contained in this complex or not, will be established 
only when they are seen in the anaphase stage in the first division. 

The Spermatocyte Chromosome'. The number of tetrads 
which arrange in the metaphase equatorial plate of the primary 
spermatocyte is without exception 52 in the haploid one; they 
usually spread themselves out radially, every one of them being well 
apart at nearly equal intervals, so as to form a rosette (Text figs. 
3-7). The larger tetrads which lie at the marginal zone of the 
equatorial plate appear ring-like lying horizontally or thick V-shaped 
when the distal ends of chromatids remain unfolded, whilst those of 
smaller size lying scattered in the central area of the equatorial plate 
are like thick dots or bipartite in shape. The ring tetrads generally 
assume the form of simple rings and their distal ends are entwined 
into an elongated, heavy knot, sometimes split horizontally, while at 
the proximal ends where the spindle fibres are attached a globule, is, 
in most cases, formed as a distinct structure. Sometimes the tetrad 
is composed of two connected rings when the distal limbs of the ring- 
tetrad is sufficiently elongated to make one more ring possible. One 
such example is found in one of the peripheral tetrads shown in 
Text fig. 5. At any rate, judging from the structural condition of 
the univalent chromosomes, it is reasonable to think that these hori- 
zontal ring tetrads with terminal fibres may belong to the same cate- 
gory as those commonly occurring in the Orthoptera and those re- 
cently reported in certain species of Mammalia and Reptilia. 

Generally speaking, it is considered that one of the critical stages 
to examine to- find out whether the tetrad is composed of equal or 
unequal component halves, is the anaphase of the first division when 
they segregate into constituent elements. On this account, the be- 
haviour of chromosomes during the anaphasic migration in the first 
division was accurately studied. In this division the tetrads become 
separated into two composing halves along the plane parallel to the 
equatorial plate. The larger horizontal ring tetrads are split into 
two identical, single V-shaped dyads by the plane of conjugation as 
m the .Orthoptera. The smaller ones are also divided into equal com- 
ponents, each halves appearing in the form of dumb-bells, dots or 
single small V’s. Text fig. 8 a and b represent the polar views of the 
anaphasic sister complexes of chromosomes in the first division as 
0 served in a single section, in each of which 52 chromosomes cor- 
respond with each other pairwise admirably. Thus, it is concluded 
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that all of 62 chromosomes of the primary spermatocyte are to be 
regarded as ordinary tetrads and no particular tetrads showing size 
difference between the constituent halves exist in so far as shown 
by the first division. 



TexHigs. 3-10. Raja meerdervoortii Bleeker. 3-7, metaphasa groups of the primary 
spermatocytes, 62 tetrads in each. 8a-8b, sister chromosome groups in anaphase of 
the first division. 9-10, metaphase groups oE the sscondary spermatocytes, 52 dyads 

in each. x3400. 

As naturally expected from the mode of separation of tetrads 
in the first division, every metaphase plate of the secondary sperma- 
tocytes invariably shows 52 dyads (Text figs. 9-10). They corres- 
pond in form, size and arrangement to those observed in the sperma- 
togonium, though the garniture shows only the complete half set of 
what is found in the latter. The larger dyads which arrange them- 
selves radially on the peripheral circle of the spindle, with their 
tapering ends directed towards the centre enclosing the smaller ones, 
■assume the shape of vertical Vs, the two constituent rod-shaped 
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monads opening at the distal end along the radii, of the equatorial 
plate, while their proximal ends are still in contact. No chromo- 
somes unusual in shape or behaviour were found in the second 
division. 

Remarks: On looking up the literature, references to two 
classical papers by Moore (’95) and Farmer and Moore (’04) on the 
chromosomes of Raja were found. According to these papers, the 
diploid number of chromosomes in the male is 24 and the haploid 
number is 12 in both Raja macrorhynchus and Raja maculata. These 
results however, cannot be accepted un-questioned. The chroniosome 
number in the species above mentioned is astonishingly low as com- 
pared with the results obtained by me in Raja meerdervportii. It 
is doubtful whether these differences in the chromosome numbers can 
be said to be due to specific differences. The present author’s ex- 
perience does not warrant such a conclusion. Moreover, the figures 
given in these papers by Moore and Farmer are not absolutely con- 
vincing. For these reasons it seems better to leave out of considera- 
tion these results in our present discussion. Kastschenko (’90) re- 
ported about 50 chromosomes in the first maturation division of the 
egg of Torpedo oceilata, a species of electric ray belonging to a dif- 
ferent family — Torpedidae- — but to the same suborder Batoidei. 

It is interesting to note that the chromosome complex in the 
present material is so complicated as to constitute a singular example 
in piscine chromosomes. Generally, the chromosomes of Teleosts 
are isomorphic in the complex, i.e., the chromosomes uniformly 
assume the shape of dots or short rods, though a few exceptional 
conditions are recorded in Umbra (Foley ’26), Oncorhynchiis 
(Makino, ’37), and Salmo (Prokofieva ’34). Among the vertebrates 
whose chromosomes have been studied, one finds a parallel case in 
some species of lizards and geckos in so far as the complex of chro- 
mosomes is concerned (cf. Matthey ’31, ’33; Nakamura ’32, ’35). 

The chromosome number of 104 in Raja meerdervoortii is the 
highest one so far recorded for any vertebrate. This number is re- 
presented in the carp, Cyprinus carpio (Makino ’34, b) in which, 
however, the complex is isomorphic, all the chromosomes being 
uniformly of granular shape. 

2, The Shark, Squalas suckleyi (Girard) 

The shark, Squalus suckleyi, which is generally known as the 
Pacific dog fish, is distributed over the arctic and subarctic regions 
of the Pacific coast and abounds on the northern coasts of Japan. 
According to Sato (’35), the Pacific dog-fish breeds at every season 
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throughout the year in the coastal waters of Hokkaido. It belongs 
to the family Squalidae of the suborder Tectospondyli, a suborder 
different from the Batoidei to which Raja, the former material, 
belonged. 

The testes from two individuals comprise the material for the 
present study, which were netted from the waters adjoining the 
Akkeshi Marine Biological Station, Hokkaido, in June 1934. They 
were operated upon and fixed immediately after capture on board 
the fishing boat. For fixation, Champy’s mixtures, in its original 
strength, and also diluted with an equal part of distilled water, were 
employed, the former having proved to be the better of the two. 
Sections were cut 12 micra thick and stained with Heidenhain’s iron 
haematoxylin. Here the author wishes to express his cordial thanks 
to Dr. Shinichi Sato with whose kind cooperation the present material 
was obtained. 

The Spermato gonial Chromosome: On account of the germ 
cells being considerably advanced in the process of maturation 

in the testes, ear- 
ly, large sper- 
matogonia of the 
primary order 
could not be ob- 
served, but the 
material was 
good enough for 
the morpholo- 
gical study of 
chromosomes in 
the late sper- 
matogonia of 

small size. The diploid number observed in the spermatogonial 
metaphase was invariably determined to be 62, as represented 
in Text figs. 11-12. Though the shape of individual chromosomes 
was not conclusively determined in this study, it is clear from the 
accompanying figures that the diploid garniture is made up of 
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Text figs. 11-12. Sqwlus suckleyi {Q\xdx6.), Metaphase groups 
of the spermatogonia, 62 chromosomes in each. x4200. 


various kinds of atelomitic chromosomes with median or submedian 
fibre attachments, which lie on the marginal circle of the equatorial 
plate with their apices towards the axis of the spindle and number 
nearly 20, or more, in an rough calculation, while the remaining 
chromosomes of probably telomitic kind in respect of fibre attach- 
ments lie scattered in the central area enclosed by the former. The 
chromosomes of the latter group vary in size and shape, some being 
slightly curved rods with taper ends and some being bent to a con- 
siderable degree resulting the apparent V’s. That these chromosomes 
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are in reality of the telomitic kinds is proved by an examination of 
well preserved metaphase chromosomes of the secondary spermato- 
cyte in which the individual chromosomes show their definite shape 
to a great extent even in the reduced state- 

The Spermatocyte Chromosome : In the metaphase equa- 
torial plate of primary spermatocyte 31 tetrads of various size 
and shape are observable, as the result of the coupling of 62 
univalents into pairs (Text figs. 13-16). They are well defined from 
one another in absolute clearness, but owing tO' unsatisfactory pre- 
servation the shape of the individual chromosomes is too poorly 
defined to make it possible to verify the relationship to the univalent 
chromosomes in the spermatogonium. Still it is possible to recognize 
in these figures that most of the larger tetrads lying at the periphery 
structurally suggest themselves to be provided with atelomitic fibre 
attachments, thereby showing that they must be the descendants of 
the pairs of V-shaped chromosomes in the spermatogonium. Among 
them one tetrad, which is possibly derived from the longest pair of 
rod-shaped chromosomes found in the diploid group, invariably ap- 
pears in the distinctive form of a horizontal ring in every equatorial 
plate. In order to solve the question whether any tetrad composed 
of unequal parts occurred or not in the garniture, which could not 
be established from observations of the metaphase polar view, the 
spindle in process of the separation of chromosomes was studied in 
profile. The separation of chromosomes is nearly simultaneous and 
there is no element showing asymmetrical separation or extra- 
ordinary behaviour. Hence, it is clear that every tetrad consists of 
two dyads with equal valency. 

A number of dividing figures of the secondary spermatocytes, 
which are sufficiently helpful in enabling one to determine the num- 
ber of chromosomes, were fortunately obtained in the sections. Out 
of them, four figures of the metaphase in the polar view are given 
in Text figs. 17-20, every one of which contains 31 dyads constantly 
in the usual arrangement. At the periphery of the spindle are 
situated larger dyads with atelomitic and telomitic fibre attachments 
in radial direction, while in the central region smaller ones with 
telomitic attachments predominate. Although it is difficult to com- 
pare morphologically the individual chromosomes of the secondary 
spermatocyte with those of the spermatogonium, the garniture ap- 
parently corresponds to one half of set found in the spermatogonium; 
that is, nearly 10 atelomitic V-shaped ones and the rest with ap- 
parently telomitic attachments of various lengths constitute the 
garniture. All the dyads distinctly show a dual nature at the meta- 
phase, being made up of two monads appearing at different levels in 
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the polar view. In the ensuing division they all split along the 
equatorial plane into two identical monads. Text fig. 21 shows one 
of the sister complexes when observed in the anaphase of the second 
division en face, in which the individual monads correspond in their 
shape to the dyads found in the secondary spermatocyte metaphase 
with absolute clearness. 




Text figs. 13-21. Squal'us siicldeyi (Girard). 13-16, metaphase groups of the primary 
spermatocytes, 31 tetrads in each. 17-20, metaphass groups of the secondary 
spermatocytes, 31 dyads in each. 21, one of sister complexes in anaphase of the 
second division, 31 monads. x3400. 


Remarks : Referring to the literature there are seven classical 
publications in which the chromosomes of the sharks have been 
described to a greater or less extent (cf. Oguma and Makino ’32) , 
Most of these papers are devoted to comprehensive descriptions of 
spermatogenetic and oogenetic processes. No special interest was 
taken in the number and form of chromosomes by these pioneer 
workers, probably due to the fact that the chromosomes had not 
been preserved adequately by means of the classical cytological tech- 
nique, then in vogue, to make their precise study possible. On the 
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whole, therefore, their results embody no accurate accounts of the 
chromosomes and, it is quite impossible to discuss their data in the 
light of modern karyology. Still, there is, among them, a noteworthy 
paper by Schreiner (’07) which dealt with the chromosomes of 
Spinax {Etmopterm) niger belonging to the family Squaiidae. 
Though the number of chromosomes had not been exactly settled, as 
he does the approximate number to be 60-70 in the spermatogonium, 
it is noteworthy that the chromosome complex of Spinax shows 

a close resemblance to the present species, Squalus suckleyi, sug- 
gesting specific relationship from the point of view of the form and 
number of chromosomes. And, judging from the evidences obtained 
from the present study of Rafa and Squalus and the earlier work of 
Kastschenko (’90) on Torpedo and of Schreiner (’07) on Spinax, it 
may be concluded that the chromosome constitution of Elasmobranch 
fishes is generally not simple but a complicated one, with a -rather 
high number of chromosomes. . 

Summary 

1. The number of chromosomes ip. Raja meerclervoortii 
Bleeker (Rajidae) is 104 in diploid and 52 in haploid. The diploid 
complex is composed of telomitic rod-shaped chromosomes., num- 
bering, about 20 disposed at the periphery of the spindle, and the 
remaining granular , ones which always lie in the central space 
enclosed by the former. 

2. The chromosome complement of Squalus ^suckleyi (Girard) 
(Squaiidae) is 62 in diploid and 31' in haploid. The diploid garni- 
ture consists of several types of about 20 atelomitic chromosomes' 
lying at the outer zone of the equator and the remaining ones, w^hich 
are rod shaped with probably telomitic fibre attachment, lie in the 
central area. 

3. In both of these cases, the author could not detect any chro- 
mosomes throughout the course of the meiotic divisions which from 
its shape or behaviour could be characterised as the heterochromo- 
some. 
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Spindle Orientation and Spore Delimitation in 
Gelasinospora tetrasperma 

■% 

B.O. Clodge^^ 

' x> 

The side by side orientation of the spindles in conjugate division 
of the nuclei in basal cells of sori of the rusts, in clamp connections 
of basidiomycetes and in crosiers of ascomycetes serves a very useful 
purpose. In the basidium of the mushrooms the spindles of the second 
division are more commonly placed at right angles to the long axis of 
the basidium. If the spindles of a species were regularly crossed and 
the final position of the four spores actually represented relatively 
the original location of the four nuclei after the second division, then 
spindle orientation could be made use of in genetic studies. Levine 
(1913), Wakayama (1930) and others have pointed out, however, 
that the orientation of spindles, crossed or parallel, in a basidium is 
not necessarily fixed, therefore one must conclude that this feature 
could have little meaning. Quite otherwise is the situation in asco- 
mycetes like Neurospora, Gelasinospora, Pleurage and Bombardia. 

In Neurospora tetrasperma each spore is normally provided at 
its origin with two nuclei which are opposite in their sex reactions. 
The mechanism by which this is brought about has been fully described 
and diagramed (Dodge, 1927 ; Colson, 1934). In all species of Neuro- 
spora so far studied, a fourth nuclear division follows after spore 
delimitation, so that in the 8-spored species each spore has two nuclei, 
and in the 4-spored species each spore contains four nuclei at maturity. 

Those who have studied Pleurage anserina have not shown 
nuclear divisions in the ascus so that we are in the dark as to spindle 
orientation and the mechanism of delimitation. All agree that there 
are only two nuclei in the bisexual spore at maturity. In Gelasino- 
spora tetrasperma where mature normal spores are 4-nucleate it 
might be assumed that the fourth nuclear division occurs after the 
spores are cut out, but Dowding (1933) did not follow up this point. 
She shows no 2-nucleate spores in 4-spored asci. We now have several 
facultatively heterothallic 4-spored species of ascomycetes. The 

1) This study was based on material fixed by Miss Iris Campbell from 
her cultures during various hours of the day. She also assisted in the prepara- 
tion of many of the slides. The writer is greatly indebted to her for this work. 
She is publishing’ an account of her culture work on single-spore isolates in 
another connection. 


B. D. Dodge 


Cytologia, Fujii jub. vol. 


878 

details in spindle orientation are known only for Neurospora tetra- 
sperma. One cannot assume on that basis that orientation and spore 
delimitation are the same in all such species. The results of a cyto- 
logical study of thd ascus of Gelasinospor a are presented at this time. 


Spindle orientation in Gelasinospora tetrasperma 

Our material for a study of nuclear behavior in the ascus was 
obtained from matings of our strains Gel. 1 and Gel. 5. Whether or 
not the hours at which fixation was made had anything at all to do 
with it, we found that fixations between 7:80 and 11:30 P.M. gave 
the most division figures. Sections 7-10 y thick are to be preferred 
where one wants to see the nuclei and spindles, and is not particularly 
concerned with delicate staining to show chromosome numbers. 

First nuclear division 

From a study of 19 different first division figures it appears that 
the spindle is always intranuclear up to metaphase (Figs. 1-3). 
Centrosomes with radiating rays are plainly visible. An occasional 
spindle may be somewhat oblique at first (Fig. 2), but as a rule the 
elongated spindle is parallel to the long axis of the ascus (Fig. 6). 
Wilcox (1928) brought together in a table some of the data bearing 
bn spindle orientation in ascomycetes. Her studies of Neurospora 
sitophila, showed that, as is more commonly the case with long narrow 
asci, the first spindle is placed parallel to the long axis of the ascus. 

We have seen only a few asci of Gelasinospora in the 2-nucleate 
stage. At first (Fig. 7) the nuclei are separated by a little more 
than the length of the spindle at its longest. Later they move farther 
apart and they must immediately begin the second division. 


Second nuclear division 

Early stages of second division show rather spherical nuclei with 
distinct spindles (Fig. 8) . Later the nuclei elongate with the spindles 
(Figs. 9, 10). Because asci are often cut obliquely and thus show 
only one of the two dividing nuclei, one must study adjacent sections 
to find the second nucleus. There is never any doubt as to which divi- 
sion, first or second, one sees, because of the difference in size of the 
nuclei and the length of the extended spindles. Spindles of the second 
division are also parallel to the long axis of the ascus. Although we 
have 32 different asci showing the second nuclear division and in 
all cases one spindle is well above the other and separated from it by 
a considerable distance, we are still uncertain as to just how it is that 
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the four nuclei reach their final positions. This is an important point 
because the relationship of the members of the pairs that go to 
opposite ends of the ascus determines the relationship of the two 
nuclei finally included in each ascospore. We first see four nuclei 
(Fig. 11) scattered along the more central part of the ascus. They 
are not very large and they are only slightly elongated. 


The 4-nucleate stage 

In all we have sections showing 71 different asci in the 4-nucleate 
stage. The final picture is always much the same. The nuclei are 
beaked, often showing short horn-like appendages, thus resembling 
nuclei of Neurospora tetrasperma at this stage. These appendages, 
whatever may be their nature, are not as noticeable as they are in 
N. sitophila (Wilcox, 1928) . With the characteristic orientation of 
the four nuclei and their spindles in the third division in the ascus 
of N. tetrasperma, we once thought that it would not make any dif- 
ference ordinarily whether the sex factors are segregated at the first 
or at the second division, in any case, each spore would be given two 
nuclei of opposite sex. The spindles of the second division, however, 
often lie one well above the other and parallel to the long axis of the 
ascus (Dodge, 1927) just as they are legnlarly in Gelasinospora 
tetrasperma. In all of the asci of N. tetrasperma observed in the 4- 
nucleate stage the nuclei were placed at the angles of a sort of 
parallelogram figure. It was assumed, therefore, that where second 
division spindles were placed one above the other, as just noted, there 
must follow a readjustment of the nuclei, much as though both spindles 
elongated extensively. Such a readjustment would imply a sex at- 
traction of some kind. Sister nuclei of N. sitophila following second 
division show very distinct horned beaks. These beaks point away 
from each other showing a very characteristic nuclear orientation. 
In such long narrow asci it would be difficult for nuclei of opposite 
sex to pair up. With N. tetrasperma it is always an easy matter. If, 
however, segregation of the sex factors occurred at the second divi- 
sion, the two nuclei forming the pair could have come from the same 
mother nucleus and no extensive readjustment would be necessary 
to insure the inclusion of two nuclei of opposite sex in a spore. 

It should be noted here also that occasionally one finds a spore, 
normal in size, but which proves to be unisexual though it must have 
originally contained two nuclei. With segregation at the first division 
followed by the “one above the other” orientation of the second divi- 
sion spindles, the mechanics would be right for cutting out binucleate 
unisexual spores, provided no readjustment of nuclei occurred (Dodge, 
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1936) . Culture work to determine more accurately the percentage 
of unisexual spores that are cut out in asci with only four spores is 
being carried out with Neurospord, Gelasinospora and Pleumge, 

In our Gelasinospora even with the spindles oriented one well 
above the other, the four resulting nuclei come to rest, two at each 
end, rather far back at the limits of the region in the ascus which, 
because of its granular deeply staining material, may be referred to 
as the sporeplasm in contrast to the more vacuolate end portions 
(Fig. 13) . In this ascus the nuclei are at the extreme limits. They 
do not usually move quite so far apart (Fig. 12). We have only 
two or three cases out of a total of 71 where the four nuclei occupy 
a more central position. These few cases probably represent early 
stages, or the picture before nuclear migration is completed. The 
fact that in all of the 77 cases of third division found the pairs of 
dividing nuclei lie at opposite ends of the ascus, is further evidence 
in favor of the assumption of a reorientation of the four nuclei 
following second division. 

As found in their final resting position two at each end of the 
ascus, the nuclei are elongated and somewhat beaked. Occasionally 
one sees very plainly the horn-like deeply staining appendages like 
those of Neurospora noted previously. An interesting difference in 
the two species is that in A. tetraspernia the beaks of the upper pair 
of nuclei point upward and those of the lower pair point downward, 
and thus away from each other, while in Gelasinospora the beaks of 
the upper pair normally point downward and those of the lower pair 
point upward, and therefore toward each other. As will be noted 
later we found in our Gelasinospora only two asci in which the nuclear 
beaks pointed sidewise. 

The nucleolus is always visible at the 4-nucleate stage, but other 
nuclear features are not well differentiated in our preparations. That 
part of the ascus at this stage containing the sporeplasm is some- 
what enlarged as it is in Neurospora, but in Gelasinospora the pairs 
of nuclei are farther apart. The finely granular sporeplasm occupy- 
ing the enlarged more central portions of the ascus is clearly dif- 
ferentiated from the more vacuolate less stainable epiplasm at the 
ends. In both species the 4-nucleate stage persists a long time, judg- 
ing by the frequency with which this stage is found. 

Third nuclear division 

In view of the very characteristic beaks of Neurospora it would 
be highly desirable to find early stages in third division to see what 
becomes of the horn-like deeply staining more or less forked beak 
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ends. The long ends of the fully extended spindles of the third divi- 
sion would suggest that they are the original nuclear appendages, and 
that they had simply pulled apart, one going one way and the other 
in the opposite direction across the ascus. Judging by what we see 
in Gelasinospora this is probably not the correct interpretation of 
those structures found at the ends of third division spindles in 
Neurospora. 

We were fortunate in our studies of Gelasinospora to find four 
or five rather clear cut cases of early third division. No evidence 
indicating that the appendages of the nuclei represent dividing forked 
central bodies was found. In three cases the two nuclei had elongated 
considerably and showed delicate intranuclear spindles with chromo- 
somes, centrosomes and rays. The pictures presented (Figs. 19-21) 
certainly suggest conjugate division and one can readily see how the 
spindles must necessarily be oriented at their final elongation. Some 
asci showed early third division with spindles somewhat crossed (Fig. 
21). In all we have 77 different asci in which, with two exceptions to 
be noted later, the four nuclei can all be seen undergoing division. 
Usually the older spindles are deeply stained as though the fibers 
were massed. Aggregations of stainable granules appear at the 
spindle ends. One cannot see the reorganizing nuclei plainly until 
spore delimitation is under way. The orientation of the four spindles 
is certainly one of the most striking features in the whole life history 
of this interesting species. In ten cases the spindles in both pairs 
were more or less crossed (Fig. 15) . In 37 asci the spindles in both 
pairs were parallel (Fig. 17) while in 30 asci the spindles were 
crossed in one pair and parallel in the other (Fig. 16) . Probably in 
few cases were the spindles strictly parallel. One could see by focus- 
ing that, although the spindles appear parallel, they do not both lie 
in the same focus plane. A side view might show them as crossed. 

As noted previously, we found one ascus in which the two nuclei 
at each end lay crosswise of the ascus (Fig. 22). One nucleus of 
each pair had already begun to divide showing short and very clear 
cut spindles in each case. These spindles are placed straight across 
the ascus. By focusing down one can see in the preparation the other 
missing nucleus of each pair. These two were still in the resting 
stage and showed the beak-end perfectly. In the illustration the nuclei 
at the lower focus are both drawn at the side. Their beaks point in 
the same direction. 

In another ascus (Fig. 18) the nuclei of the upper pair were 
much swollen and were perhaps just beginning spindle formation. 
No doubt their spindles would have naturally extended down the 
ascus so that they would have appeared parallel. Both nuclei at the 
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lower end of this ascus had already divided, and the ends of the 
spindles were just breaking through the old nuclear membranes which 
had stretched out across the ascus. Chromosomes show rather 
plainly. This ascus is very narrow for one at this stage and it may 
be that some abnormal condition accounts for the position of these 
two spindles as well as the position and the condition of the two 
upper nuclei. It is not uncommon to find some one nucleus lagging 
behind the others a little as they undergo division, but these are the 
only two asci out of 77, counting early and late third divisions, in 
which two nuclei are so far behind the other two. In both cases the 
spindles present are at right angles to the long ascus of the axis. 

Ascospore delimitation 

In Neurospora tetrasperrm, spindles of the third division dis- 
appear rather early and one then sees the pairs of nuclei attached to 
the ascus wall by their curved beaks. After the spores have been 
fully cut out and their nuclei have begun to move back or away from 
the wall, the old deeply staining beak-ends can still be seen near the 
wall. In Gelasinospora, however, spore delimitation is usually well 
under way before one can make out the nuclei very clearly, and the 
spindles persist so long that they must be cut across by the astral ray 
system (Figs. 23-25). In some asci at this stage the pairs of nuclei 
in a spore seem to have a characteristic orientation as they are 
attached to the spindle ends. After the spindles have disappeared 
one sees the two nuclei very distinctly with their -long slender beak- 
ends from which a system of rays extends outward making a sort of 
sunburst effect (Figs. 26-28). The rays do not all proceed from a 
small centrosome. They also extend out from points well below the 
tip of the beak. 

In some asci the pairs of nuclei in all four spores point down- 
ward (Fig. 28) , while in other asci they all point upward at this stage 
(Fig. 27). Other asci show some pairs pointing down and others up 
(Fig. 26) . The particular orientations of the pairs of nuclei probably 
are the same as they were at the time the nuclei were first reorganized 
and when they were still attached to the old spindles in early stages 
of spore formation (Figs. 23-25) . The orientation of nuclear beaks 
in young spores can be of little significance as related to later 
developments. 

The nuclei now break away from their beak ends and take on 
an elliptical form often still showing an orientation, their long axes 
more or less parallel to the long axis of the spore (Fig. 29) . Asci 
showing spores with only two nuclei are not uncommon. We have 
catalogued about twenty examples but one could no doubt find several 
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more in our preparations. At this stage the spore content is rather 
finely granular and stains characteristically. The spores elongate 
somewhat and crowd upward to the ascus tip which has long been 
marked by the pore ring. 

Fourth nuclear division 

The fourth nuclear division in . the ascus usually occurs simul- 
taneously in all four spores (Fig. 30). One could not distinguish 
Neurospora from Gelasinospora at this stage. The spindles have no 
particular orientation although one occasionally finds parallel spindles 
in all four spores. Spindles are sometimes curved sharply, especially 
if they extend across the spore (Fig. 31). 

Mature spores are normally 4-nucleate (Fig. 32) as has been 
shown previously by Dowding (1933). We have not studied delimita- 
tion either of the giant spores which must have several nuclei at their 
origin, or of the dwarf spores with only one nucleus. 

Page (1936) reporting on Podospora minuta, a 4-spored species, 
says that mature spores are binucleate and that mycelia from dwarf, 
1-nucleate, spores fall into two groups as to their sex reactions, 
“complementary” groups as she calls them. Spermatia present do 
not prove to have a function in fertilization. Page claims that there 
is an 8-spored form of this same species and in that form the mycelia 
which must come from 1-nucleate spores are totipotent. (Dne is 
again left somewhat in doubt as to the identity of the 4-spored species 
which she studied. Dowding (1933) found just such a situation in 
Gelasinospora, but rightly referred to the two forms as distinct 
species. 

On evidence that seems adequate, Dowding thinks that Page’s 
(1933) “Sordaria fimicola” is really Gelasinospora tetrasperma. It 
certainly could not have been Sordaria fimicola. The mature spores 
of Page’s Sordaria have four nuclei, showing that there must occur 
a fourth nuclear division before the spores are discharged, a feature 
characteristic of Gelasinospora and Neurospora and not of the 4- 
spored species of Pleurage and Podospora so far studied. 

Chromosome numbers 

Many of the division figures in all four nuclear divisions show 
small chromosomes rather clearly in our preparations. We have 
made no attempt to count chromosomes at any stage, this task being 
left for another study which must also deal more fully with nuclear 
reorganization and the astral ray system involved in ascospore 
delimitation. 
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Summary and conclusion 

The nuclear spindles of the first and second divisions in asci of 
Gelasinospora tetrasperma are regularly placed parallel to the long 
axis of the ascus. The asci are at this time rather long and slender. 
At the 2-nucleate stage the nuclei come to lie one well above the 
other. In no case were the two spindles found parallel as though in 
conjugate division as is frequently the case in Neurospora tetra- 
sperma. 

At the close of the second division, the ascus contents become 
differentiated into two regions, the one containing finely granular 
material occupying the larger portion of the ascus. This represents 
that part of the ascus from which the ascospores will be delimited. 
It usually stains rather deeply as compared to the ends of the ascus 
where the contents are more vacuolate. The central part of the ascus 
is thicker than are the end portions. 

The four reorganized nuclei move back near the end limits of 
the sporeplasm, one pair at each end. The nuclei are characteristically 
beaked and are normally oriented so that the beaks of the two pairs 
point toward each other. Rarely do the beaks point sidewise. 

The elongated nuclei determine by their side by side orientation 
the first positions of the third division spindles. Since the asci are 
rather narrow as compared to the lengths of the fully extended 
spindles, the spindles are naturally forced to turn somewhat length- 
wise in order to have room in which to elongate fully. In their final 
positions the spindles of a pair are either crossed, or they are parallel 
to the long ascus of the axis. When fully extended they never lie 
across the ascus as they do rather regularly in the ascus of Neuro- 
spora tetrasperma, where that part of the ascus containing the spore- 
plasm is much enlarged at this stage, and the spindles can lie directly 
across the ascus if necessary. They often seem to lie obliquely,, 
however, 

In Gelasinospora at the third division the spindles may be crossed 
in both pairs, or parallel in both pairs, or the spindles of one pair may 
be crossed while those of the other pair are parallel. 

Third division spindles persist until spore delimitation is well 
under way, this being a very characteristic and striking feature. 

Normally two elongated pear-shaped nuclei take part in cutting 
out each spore. As soon as the spore is well delimited the spindles 
connecting the pair of nuclei in adjacent spores disappear showing 
the nuclei now very clearly. They have long slender beaks capped 
by a sunburst of rays. If one did not see that the spore was already 
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delimited he might take this nuclear picture to represent the begin- 
ning of spore delimitation. 

The nuclei break away from their beaks Just as they do in 
Neurospora, round up somewhat and become more or less elliptical 
before going into the fourth division. 

Mature ascospores in 4-spored asci have four nuclei each as 
previously reported by Dowding. ’ 

Considering the orientation of the spindles of the second division 
we must assume that there follows an extensive readjustment in the 
positions of the reorganized nuclei in order that they may become 
placed in pairs practically at the ends of a rather long ascus. There 
must be something comparable to a sexual attraction between the 
two nuclei to account for such a characteristic orientation. In such 
case it would not make any difference whether segregation of 'the 
sex factors occurred at the first division or at the second division, 
except in the latter case the reorganized nuclei would not have to 
travel as far. If the two nuclei at one end of the ascus are always 
derived from the same mother nucleus then segregation of the sex 
factors must commonly occur at the second division, which is highly 
improbable. What is needed now is more definite knowledge of the 
percentage of cases where binucleate unisexual spores are delimited. 
A further study to determine what happens immediately ‘ following 
second division would serve to explain how the final orientation of 
the four nuclei is brought about. 

The New York Botanical Garden. 
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Explanation of plates 
Plate 32 

The figures are all drawn to the same sca’e 
Gelasinospora ietrasperma 

Pigs. 1-6. Various stages in the division of the primary nucleus in the ascus. The 
extended spindle lies parallel to the long axis of the ascus.. The oblique 
spindle in one nucleus would naturally swing around in order to have 
space in which to elongate. 

Pigs. 7-10. Finely granular central region differentiated as sporeplasm. Second 
nuclear division. The two extended spindles lie one well above the other 
so that as the four daughter nuclei are reorganized they must first lie 
more or less in a row as shown in 11 . 

Fig. 11. The four daughter nuclei probably before readjustment in their positions 
has taken place. 

Pig. 12. Part of an ascus showing characteristic orientation of the four nuclei in 
two pairs at opposite ends of the ascus. The nuclei aie beaked and 
sometimes show horn-like appendages. 

Pig. 13. This shows the pairs of nuclei at the extreme limits of the sporeplasm. 

They do not usually move so far apart. That part of the ascus containing 
the more granular and more deeply staining sporeplasm is somewhat 

; swollen as compared to the ends containing the more vacuolate epiplasra. 

Fig. 14. The two pairs of nuclei are undergoing simultaneous conjugate division. 

See plate 2, figs. 19-21 for earlier stages in the third division. 

Pig. 15. The fully extended spindles of the third division, the spindles of both 

pairs are crossed. Reorganization of the daughter nuclei not yet far 
along. 

Figs. 16, 17. Other characteristic orientations of the pairs of spindles in third 
division. Nuclei are usually difficult to make out at such stages, probably 
not yet reorganized. 

Plate 33 

Fig. 18. Rather narrow and perhaps abnormal ascus in which the nuclei of the 
upper pair are much swollen. SpindleTormation may just be beginning, or 
it may be that these two nuclei are undergoing degeneration. The nuclei 
of the lower pair are dividing normally however. The orientation of their 
spindles across the ascus is exceptional. The nuclei may have extended 
across the ascus Originally as was the case, with the nuclei of the ascus 
shown in Fig. 22. The nucleus at the right was found in the next section, 
and is the mate of the one shown below in the ascus. 

Pigs. 19-21 . Pairs of dividing nuclei from different asci. Chromosomes show rather 
distinctly on the spindles. 

Fig. 22. The nuclei in both pairs must have extended across the ascus originally. 

Only one nucleus of each pair has divided. The other nucleus in each case 
(shovvn at the side) could be seen very clearly in the same section by 
focusing down farther. Their beaks extend in the same direction. This 

• ' is the only case seen where both pairspf nuclei extend across the ascus. 

Figs. 23-25. Stages in Spore delimitation; 23, a rather narrow ascus at an early 
stage in delimitation where the nuclei are not at all plainly visible ; 24, 26, 
later stages in spore delimitation. The pairs of nuclei are now plainly 
visible and they are still attached to the old spindles. In Fig. 24 at the 
top, however, the spindles have disappeared. The beaks of all of the 

_ nuclei point downward and still show radiating rays. The persistence of 

the old spindles of the third division until after the spores are well 
delimited is rather unique, to say the least. 
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Fig. 26. 

Fig. 27. 
Fig. 28. 
Fig. 29. 

Fig. 30. 

Fig. 31. 
Fig. 32. 


Orientation of nuclei in the four spores from the same ascus. The nuclei 
in the lower spore are the only ones having their beaks pointing upward. 
(Third and fourth spores shown only in part.) 

One of the four spores from an ascus where the beaks of all eight nuclei 
pointed upward. 

Beautiful orientation of the four pairs of nuclei in the sjjores in an ascus. 
Here the beaks all point downward. 

All of the nuclei have rounded up somewhat and are now ready for the 
fourth nuclear division. The cytoplasm in the spores is finely granular at 
this stage and stains rather deeply. 

The spores are now fully elongated. The eight nuclei are all dividing. 
The spindles of the fourth division have no characteristic orientation. At 
this stage the spores usually, contain a few small bodies that take the 
stain deeply. 

Two spores showing a somewhat later stage in fourth division. The old 
spindles are curved following the contour of the spores. , 

The 16-nueleate stage, four nuclei in each spore. No further nuclear 
divisions will occur until germination begins. The cytoplasm is more 
vacuolate at this stage. 
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Zur Keniitois des Erbverhaltens einer gynodiozisclien Pfianze, 
Petasites japonicus Miq, 

Von 

S. Ikeno 


' ( 1 ) 

Die Vererbungsverhaltnisse der gynodiOzischen Pflanzen warden 
bisher nur selten stadiert» ^oweit mir bekannt ist, haben wir einer- 
seits die alten Untersuchungen von Darwin (1877) and andererseits die 
neueren ausfuhrlichen von Correns (1904, 1905 usw.) voruns, ■ Nach 
den Resultaten meiner seit 1931 vorgenommenen Studien isi: Petasites 
japonicus in die Klasse der gynodiozischen Pflanzen einzureihen, and dabei 
babe icb schon friiher zweimal kurz dartiber berichtet (1935 a, b), Wie 
mandaraus sehen kann, weicht ihr eigentiimliches Erbverhalten etwas 
von dem der bisher studierteh gynodiozischen Pflanzen ab, weshalb Peta- 
sites japonicus wohl als ein neuer Typ dieser Klasse der Pflanzen auf- 
zufassen ist. In der vorliegenden Mitteilung mbchte ich dabei alle meine 
Experimentalresultate eingehender als friiher schildern and noch einige 
neue Angaben hinzufligen. 

Petasites japonicus MiQ. wird bei uns nicht nur sehr allgemein 
kultiviert, sondern auch im wilden Zustande weit verbreitet gefunden, 
Meine unten geschilderten Untersuchungen beziehen sich, 1. auf die 
Nachkommenschaft, welche aus den urspriinglich im Mai 1931 im Berg- 
region Hakone an den dort wildwachsenden Pflanzen gesammelten 
Achanen hervorgegangen sind (unten als typica bezeichnet) und 2. auf 
diejenige aus der Kreuzung typica x Kulturvarietat purpurascens Maki- 
NO^ welche letztere seit Jahren im botanischen Institut zu Komaba in 

Kultur war. Diese Varietat ist dadurch ausge- 
zeichnet, dafl ihre verschiedenen Organe mehr 
Oder minder stark purpurn gefarbt sind : Blatt- 
spreite an ihrer unteren FlSche, besonders stark 
im Friihling ; Nerven an derselben ziemlich 
stark; Blattstiel; grofie Niederblatter, welche 
den ganzen Bliitenstand im jungen Zustande be- 
decken, an ihrer inneren Flache prachtig schon ; 
Involukralblatter jedes Bltitenkopfchens an ihrer 
inneren Flache ; Staubfaden usw. . Beobachtet 
man den Querschnitt des Blattstieles, so wird 
man sehen, da B nicht nur alle Oberhautzellen, 
sondern auch einige unter denselben gelegene 



Fig. 1. Schematische Dar- 
stellung eines Querschnit- 
tes des Blattstieles von var, 
purpurascens. Anthozy- 
anhaltiger Teil schrafRert. 
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kleine keilfomige parenchymatische Zellgruppen anthozyanhaltig sind' 
(Fig. 1). Weiter, in der Blattspreite ist das Anthozyan in den Ober- 
hautzellen der unteren Flache und einigen nnter nnd langs derselben 
unterbrochen verlaufenden langschmalen parenchymatisehen Zellgruppen 
enthalten. 

( 2 ) 

Fine reichliche Menge von 1931 gesammelten Achanen von typica 
wurde bald nacb der Ernte gesat. Die Keimung derselben war sehr 
sqblecht^ nnd nur wenige Keim- 
linge sind daraus entstanden, von 
denen nur 8 Individuen leben 
blieben* 1932 sind davon 6 zum 
Bluhen gekommenj wahrend Nr. 7 
erst spater Bliiten getragen hat nnd 
Nr* 6 iiberhaupt noch nicht bliihte 
(St Tabelle 1). 

Die Zahl der Bliitenstande pro Individuum ist klein, gewohnlich bloB 
ein, hochstens zwei, wenn die Anzahl der in jedem Blutenstand ent- 
haltenen Bltitenkopfchen ziemlich groB ist^k Ans der Tabelle 1 kann 
man sehen, dafi einige Individuen, welche schon in einem Jahre gebliiht 
haben, im nachsten bliitenlos geblieben sind (Nr. 1, 4» 5, 8). 

Die wichtige Tatsache, welche wir ans der obigen Tabelle entnehmen 
konnen, besteht darin, daB wir bei Petasites japonicus mit 
einer gynodiozischen Pflanze zu tun haben, indem 
dabei zwei Sorten Individuen,, hamlicb zwitterige und 
weibliche, vertretensind* 


Tabelle 1 


i Individuen-Nr. , 

Jahr 

1 2 3 4 5 6 7 8 

1932 

? 9 ? 9 9 9 ■ 

1933 

9 9 

1934 

V 


(3) 

Vergleichen wir nun beide oben bezeichnete Sorten Individuen mit- 
eihander. "Die ganze Statur des Zwitters ist etwas groBer als die 
des Weibchens, und dementsprechend ist der ganze Blutenstand, jedes 
Bliitenkopfchen und jede einzelne Bltite groBer bei dem ersteren als bei 
dem letzteren. Die Kleinheit jeder weiblichen Bliite im Yergleich zu der 
zwitterigen ist so betrachtlich, daB trotz der geringeren GroBe des 
weiblichen Kopfchens. die Zahl der enthaltenen Bliiten viel groBer bei 
dem weiblichen als bei dem zwitterigen ist, Um ein Beispiel zu nennen : 
bei 9 Kopfchen 44 9 Bliiten und bei 9 88 9 (+ 3 9 ). Dabei ist zu 
bemerken, daB jedes zwitterige Kbpfchen ausschlieBlich aus zwitterigen 
Bliiten zusammerigesetzt ist,. wahrend sich in dem weiblichen auBer den 
weiblichen Bliiten nicht selten einige kleine rudimentare zwitterige mit 


1) Wegen gavmersparnis wurden alle Stocke bei ziemlich schmaler Drillweite 
gepflanztj ware sie weiter gemaeht worden, konnte jeder noch besser angewachsan 
md raehrerc Bliitenstlndcgebildet, haben. : * 


S. IKENO 
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leeren Antheren im Zentrum des Kopfchens befinden (z.B. -3 solche 
Bliiten im soeben zitierten Beispiele). 

In Fig. 2a ist eine weibliche und in Fig. 2b eine zwitterige Bliite 
dargestellt. Beides sind in gleichem MaBe etwas vergrofierte photo- 












Fig. 2. Photographische Aufnalimen etwas vergroBert, und zwar im gleichen MaBe. 
a, weibliche und b, zwitterige Blute. a Griffel sehmallang mit zwei Narben ; Blii- 
tenkrone rdhrenformig und am oberen Ende zwei Lappen unter f iinf sichtbar ; Frucht- 
knoten nicht und Pappus teilweise sichtbar. b Griffel, Narben und oberer Teil der 
Blutenkrone sichtbar (drei Lappen sichtbar). Alle Organe in 6 sind betrachtlich 
dicker als die entsprechenden in a. 

graphis.che Aiifnahmen. Wenn man diese zwei Photographien mitein- 
ander vergleicht, wird man sofort zwischen beiden einen betrachtlichen 
GrdBeunterschied bemerken. Fiir weiteres sei auf die FigurerklSrung 
verwiesen. 


Um die Vererbungsverhaltnisse von beiderlei Sorten Bliiten kennen 
zu lernen habe ich 1932 die Bestaubung Nr. 2. x Nr. 1 sowie Nr. 8 x var. 


Tabelte 2. (Nr. 2 ? X Nr. Id*) (1932) 
Individuen-Nr. 

ahr 2-1 2-2 2-3 2-4 2-5 2-6 2-7 


purpurascens, und 1933 Nr. (2-4) x 
(2-2) und (2-6) X (2-5) vorgenommen. 
Die Resultate davon sind in der Tabelle 
2-3 usw. enthalten. 

Aus der Bestaubung Nr. (2-4) x 
(2-2) sowie (2-6) x (2-5) sind je 1 
Zwitter bzwV 1 Weibchen entstandem 
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Tabelte 3. (Nr. 8 9 X var. purpurascens 'S ' ) (1932) 


1933 ^ ? 9 ^ 9 9 9 9 9 9 9;' . ' - 

3934 9 ? 9 ^ 9 9 . . - . 9 ^ 

1935 ? 9 9 9 ? 9 9? 9 9 ? ' 9 ? ' 9 , 9 9 

Alle soeben erorterten Experimente haben uns gezeigt, daB 1. die 
welbliche Blute frUchtbar ist, wenn sie mit dem Pollen 
des Zwitters bestaubt wird und dajS 2. die zwitterige 
Bliite (beide typica und purpurascens) immer ganz un- 
fruchtbar bleibt, :sel es durch Selbst- oder Fremdbe^ 
staubung trotz des ziemlich gesunden Aussehens des Griffels und der 
Na,rben derselben (siehe Fig, 2 b). Weil aber bei der zwitterigen das 
Pollen tauglich ist, wie oben hervorgehoben, ist s i e p h y s i o 1 o g i s c h 
als mannlich zu betracbten , und somit ware in diesem 
Sinne Petasites japonicus vielleicht als eine didzische 
P f 1 a n z e z u b e t r a c h t e n. Die unmittelbare Ursache der Unfrucht- 
barkeit der zwitterigen Bliite ist nicht ohne weiteres klar. Ich babe 
einigemal ein geciuetschtes Praparat der Griffel und Narben einer am 
vprhergehenden Tage reichlich bestaubten zwitterigen Bliite unter 0,1?^ 
Kottonblaulosung studiert, babe aber darin keinen Pollenschlaucb finden 
konnen. Darum scbeint es mir wabrscbeinlicb zu sein, daB auf den- 
Griffel und Narben der zwitterigen Bliiten iiberhaupt kein Pollen keimen 
kann, Diese Tatsacbe bedarf aber wobl nocb weiterer Untersucbung, 
weil meine diesbetreffende Beobacbtung nicbt umfangreicb genug ist. 

• (5) 

In den obigen Tabellen baben wir nicbt selten solcbe Individuen 
angetroffen, welcbe in verscbiedenen Jabren verscbiedene Arten Bliiten- 
stande produziert baben (Tab. 2, Nr. 2-4, 2-6 ; Tab. 3, Nr. 8-2, 8-6, 8-7, • 
8-8). Die Frage ist nun, was ibre genotypiscbe Natur sein wird. Dieses • 
eigentiimlicbe Pbanomen konnte man vielleicbt fiir eine Gescblecbtsum- 
wandlung nebmen ; meiner Ansicbt nacb ist es aber eber der zufalligen 
Au^ildung der Bliiten des entgegengesetzten ' Gescblecbtes eines be- 
stimmten Individuums vergleicbbar, wie man baufig bei dioziscben 
Pfianzen {z.B. Salix) beobacbtet bat und oft in der Literatur erwabnt 
findet wenn es auPb in unserem Falle wegen der gleichartigen Zabl von 

1) Um ein von mir beobachtetes konkretes Beispiel eines solchen Phanomens an- 
zugeben, babe ich vor vielen Jabren an einem Stock von Saliz amygdalina L. yar. 
nipponica Schneid. mit einer groBen Anzabl von weiblicben Katzcben das Ersebeinen 
einiger mannlicben nacbgewiesen. Die Bestaubung der ersteren durcb das Pollen 
der letzteren hat zur Bildung einer reichlicben Menge von Friichten gefubrt— die 
sog. Geitonogamie. 




Individuen-Nr. 

8-1 8-2 8-3 8-4 8-5 8-6 8-7 8-8 8-9 8-10 8-11 8-12 8-13 8-14 8-15 8-]6 8-17 
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beiderlei Art Bliitenstanden pro Individuum (gewohnlicli nur ein oder 
zwei) sowie des Zeitunterschiedes ihres Entstehens an demselben etwas 
fremdartig erscheinen mag, im Vergleich z.B. zum typischen Beispiele 
von Salix, welches in der FuBnote der vorigen Seite erwahnt wird 

Es fragt sich, ob man die in Rede stehenden Individuen unter die 
weiblichen oder zwitterigen einreihen muB- Es wird jetzt im allgemeinen 
angenommen, daB das Zwittertum phylogenetisch den primaren, und die 
Diozie einen daraus entstandenen sekundaren Zustand darstellt. Auf 
Grand dieser Hypothese, welche mir ganz richtig zu seih scheint, f a s s e 
ichalle Pflanzen, welche zweierlei Art Bliitehstande 
ausgebildet haben, geiiotypisch immer als die weib- 
lichen auf, wobei zufalligenweise ' die zwitterigen 

Bliitenstande entstanden sind. Das Vorhanderisein weniger 
’ rudimentaren zwitterigen Bliiten to weib- 

Tabelle 1 4 3 lichen Kopfchen, wies obeh hervofgehobenr 

Tabelle 2 ' 3 4 spricht fiir diese Auffassung. . ’ 

Tabelle 3 • 13 6 ttt ^ 

( 2 - 6 jx( 2 - 2 ) 1 Wenn man unter dieser Voraussetzung 

(2-6) X (2-6) 1 (jjg gahl der auf Tab. 2-3 angegebeiien Nach'^ 

Summe '21 14 kommen beider Arten ausrechnet und dazu 

^^ErwarSt^^i?^ ^^17 6 ^ Individuum aus (2-4)x(2-2) und 

(2-6) X (2-5) hinzufiigt, so hat man : (s. links !) 
Fiihrt man iiber die obigen Zahlen eine statistiSche Rechnung lind 
zwar unter der Theorie, dafi beiderlei A.rt Individuen an Zahl gleich 
sein miissen, ist die Abweichung aus derErwartung ( = ±3,5) ein wenig 
grofier als der Standardfehler ( = ±2,9). Darf man dann hier die 
theoretische Erwartung der Gleichheit von zwei Arten Nachkommen 
nicht annehmen ? Ich glaube doch.. Die soeben angedeutete kleine Ab- 
weichung diirfte meiner Ansicht nach hauptsachlich von der geringen An- 
zahl der Individuen kommen und wenn man daher noch zahlrbichere zur 
Rechnung benutzen konnte, ware hochst wahrscheinlich eine viel bessere ’ 
Xibereinstimmung mit der Theorie zu erwarten. Wenn es dann trotzdem 
noch nicht der Fall ist, miiBte vielleicht irgend eine Ursache vorhanden 
sein, welche die in Rede stehende Gleichheit stort^l 


1 ) Wena weibliche and zwitterige Bliiten an ein und demselben Individuum 
vorkommen, spricht man dabei von einer gynomonOzischen Pflanze. In 
diesem Sinne kann man wohl jede Peiasiies-Pilanze, welche in einem Jahre weib- 
liche Bliitenstande und in einem anderen zwitterige ausgebildet hat, als gyno- 
monoziscb bezeichnen. Diese Tatsache bei Petasites ahnelt etwas der, was CokRENS 
(1906) bei einer gynodiozischen Pflanze, Satureia hortensis beobachtet hatte, wobei 
seit einem gewissen Jahre beiderlei Arten Bliiten immer an ein und demselben 
Individuum vorgekommen sind (d.b. gynomonOzisch), wenn in diesem Falle beide 
zugleich an jedem Stock zu sehen waren, im Gegensatz zu Petasites. 

2) Bekanntlich wird hSufig angenommen, daB die Abweichung aus der Theorie, 
welche kleiner ist als dreimal a (hier =? 3 x2.'9 = ±8,7) innerhalb der theoretiscb zu 
erlaubenden Grenze liegt. 
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Ob nun bei unseren Versuchen die soeben genannte theoretische 
Erwartung wirklich erflillt ist Oder nicht, man kann jedenfalls daraus 
wie f olgt schlieSen* Das oben erorterte Entsteben von beiden Zwitter- 
und Weibchen-Nachkommen aus dem Weibchen ? k Zwitter d’ mub 
durch eine Bastardierung zwischen einem hetero- und einem homozygO'^ 
tischen Individuum> oder anders ausgedriickt, durch eine Riickbastardie- 
rung hervorgebracht werden. Wir haben dabei zwei Falle zu unter- 
scheiden: 1. Weibchen hetero- und Zwittei* homozygotisch, und 2i 
Weibchen homo- und Zwitter heterozygotisch* D.h. 

1. Aa ? X aad* — Aa9 + aa? 

2. aa9 X Aad’ = aa? -f Aa9 ' 

wobei im 1. Ealle die Weiblichkeit iiber das Zwittertum dominiert und 
im 2. es gerade umgekehrt ist. Die Frage, mit welcher von diesen 
zwei Alternativen wir es hier zu tun haben, kann entweder experi- 
mentell oder zytologisch gelost werden. Experimentell kann man z.B. 
die woblbekannte CoRRENSsche Zertationsmethode anwenden ; dabei mufi 
eine reichliche Menge von Nachkommen zur Verfiigungstehen, jedoch ist 
bei Petasites nicht nur das Keimungsprozent von Samen im allgemeinen 
sehr niedrig, sondern es gehen auch viele Keimlinge friih zu Grunde, und 
es ware nicht sehr leicht, eine fur den Zweck unserer Untersuchung ge- 
niigende Menge von Nachkommen zu bekommen. Andererseits konnte 
man zytologisch untersuchen, ob sich in unserem Falle irgendwelche Ge- 
schlechtschromosomen nachweisen lassen, und wenn ja, was ihr Verhalten 
sein wird usw. Nach den im hiesigen Institute von K. Suzuki gemachten 
vorlaufigen Beobachtungen ist dabei nicht nur die Zahl von Chromo- 
somen grofi (2n = mehr als 80), sondern sie sind auch ziemlich lang, 
und es ist zweifelhaft, ob man die sich daraus ergebenden Schwierigkei- 
ten der Beobachtung iiberwinden kann, um das ganze auf zytologischem 
Grunde festzustellen. Die soeben erorterten erheblichen Schwierigkeiten 
der Experimente und Beobachtungen haben uns bisher verhindert, solche 
vorzunehmen, und dieFrage der Hetero- und Homozygotie der Weibchen 
und Zwitter bleibt daher leider hier noch unentschieden 

( 6 ) 

Vergleicht man unseren Fall mit dem der von Correns (1904) genau 
untersuchten gynodiozischen Pflanze Satureia hortensis, nimmt man zwi- 
schen beiden einen betrachtlichen Unterschied des Erbverhaltens wahr. 
Bei Satureia hortensis namlich sind sowohl Zwitter wie Weibchen frucht- 
bar, und jede Art bringt ausschliefilich oder zumindest vorwiegend die 

1) Es wiirde vieileicht auch von Interesse sein, das 'karyologische Verhalten 
unserer Pflanze und dasselbe von gewissen Zwischen geschlechtstypen, wie z.B. bei 
Rumex acetosa vergleichend zu untersuchen, um kennen zn lernen, ob zwischen 
beiden irgend eine Analogie bestehen mag. 
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eigene Art hervor (d.h. Weibchon Weibchen.und Z witter Zwitter). Wie 
oben heryorgehoben, ist hei P.Btasites das Weibchen allein fruchtbar, und 
,der Zwitter dient bloB als Pollenlieferant, sodaB unsere Pflanze sich mehr 
.der rein diozischen Pflanze , nahert als der bisher studierten gynodiozi- 
schen. Wenn man . die Gynodiozie als eine phylogenetische tibergangs- 
stufe aus dem Zwittertunx .zu der reinen Diozie betrachtet, muB man 
annehmen, daB. Petasites e i n S t u f e ist, w e 1 c h e p h y 1 o g e n e- 
tisch etwas weiter,. nach dem- letzteren Zus.tand forti 
geschritten ist .als Satureia horiensis. : 

Weiter, unter alien bisher untersuchten gynodiozischen Pflanzen 
steht das Verhalten von Peiaste einzig da, und sie ist somit als ein 
neuer Typ anzunehmen.. Nun erwahnt Darwin (18/7 S. 298 ff.) bei 
Phymus serpUlum das Eritstehen je eiher Menge von beidM weiblicKen 
und zwitterigen Nachkommen aus desseh Weibchen,. und es ware nicht 
hnwahrscheinlich, dafi Thymus zur gleicheii Kategdrie der gynodidzischen 
Pflanzen wie Petasites gehort. “ Diese Annahme kann jedoch naturlich 
nicht so ohne weiteres als sicher hingestellt werden. 

■■ ( 7 ) 

■ S. 888 habe ich die Merkmale von var. pttrpwrascews inbezug auf die 
purpurne Farbe ihrer yerschiedenen Organe mitgeteilt. Von dieser 
Pflanze steht mir bloB‘ der Zwitter zur Verfiigung und ich habe noch 
hiemals das Weibchen gesehen. Die Resultate der Kreuzung typica 9 x 
purpurscens cf sind in der Tab. 3 hervorgehoben. Es ist wohl bekannt, 
daB bei bisher untersuchten Bastarden das. farbige .Merkmal iiber das 
hichtfarbige in den meisten Fallen dominiert, und zwar kann man schon 
im Keimlingstadium von' Fi-Generation das Dominiereh des Farbmerk- 
males klar feststellen (z.B. Kotyledonen usw. gefarbt). Ich habe er- 
wartet, daS man auch in unserem'Fall das gleidhe beobachten wird. Diese 
Erwartung wurde aber nicht erfullt, weil alle Keimlinge und auch alle 
daraus entstandenen ausgewachsenen Pflanzen keine Spur der Purpur- 
f^be erkennen lieBen. 

Ein solches Verhalten der Fi-Pflanzen wtirde eintreten, wenn das 
Farbmerkmal gegentiber dem ungefarbten rezessiv ist, z.B. durch die 
Mitwirkung des an dem farblosen Individuum vorhandenen Hemmungs- 
faktoren, und dann kann die Farbe z.B. durch die Etickbastardierung 
sichtbar gemacht werden, so in unserem Fall 

‘ %pica==HH, pitrpMrasreus==hh (H=^Hemmungsfaktor), und 
Riickbastar d ierung 

{typica X purpurascens) x purpurascens = typica + purpurascens 
H X h - , x. ^ h = JIh + V , hh 

Im Fr'uhja,hr 1935 habe ich, einige Individiien [typica x purpurascens) 
(Tab. 3) durch das Pollen des ursprunglich zur Kreuzung benutzten 
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25Mr2)wrasce?7s-Mutterstockes bestaubt, d.h, {typica x purpurascens} x 
purpurascens und eine reichliche Menge von Achanen bekommen* Die 
Eeimung derselben war ziemlieh gut. Es sind daraus ungefahr ,50 
Eeimlinge entstanden, von denen, ^25 ausgewachsen sind. Es muB- sor 
gleich erwahnt werden, dafi keiner dieser Keimlinge oder ausgewachT 
senen Individuen irgendeine Spur der Purpurfarbe erkennen liefi. Somit 
war es mir sogar mittels des Riickbastardierungverfahrens unmoglich, 
gefarbte Nachkommen zu bekornmen. Was wird wohl die Ursache 
davon sein ? Zur Erklarung dieses eigenttimliehen Verhaltens mochte 
ich die folgende Hypothese vorschlagen: die Ubertragung des anthozy- 
anhaltigen Zytoplasmas an die Nachkommen findet ausschliefilich durch 
die Eizelle statt. Wie wohl bekannt, wird nicht selten die Buntbiat-- 
terigkeit ausschliefilicji durch die Mutter an die Nachkommen ubertragen 
und niemals durch den Yater* Diese Tatsache, sog. mutterliche^Ver-r 
erbung, wird bekanntlich gewohnlich so aufgeklart, daB bei der Befrucb- 
tung der mannliche Zellkern, welcher im nackten Zustande in die Eizelle 
eindringt, keine kranken Plastiden (Baur 1909) oder krankes Zytoplasma, 
(CoRRENS, z.B. 1927, bes. S. 139 E) ins Eiinnere mitnimmt und die ,,Ver- 
erbung“ der Buntkrankheit ausschliefilich mittels der im Eizytoplasma 
vorhandenen kranken Plastiden oder des kranken Zytoplasmas erfolgt. 

Bei Petasites japonicus ybjo. purpurascens sowie ihren Bakarden 
konnte die ,,Vererbung“ der Purpurfarbe durch die Wirkung des antho- 
zyanhaltigen Eizytoplasmas erfolgen, ahnlich dem oben genahnteii Fall 
der Buntblatterigkeit Auf Grunde dieser Annahme ist die Tatsache> 
dafi bei unseren Versuchen, bei welchen purpurascens blofi als-Pollen- 
lieferant benutzt werden konnte, keine ,,Yererbung“ der Purpurfarbe 
nachzuweisen war, kein Wunder. Die Ubertragung der Farbe. an die 
Nachkommen ausschliefilich durch die gefarbten 'Miitter scheint mir in 
unserem Falle kaum zweifelhaft zu sein. Das ist jedoqh erst durch Fx- 
perimente, wobei solche Mutter wirklich benutzt werden, sicherzustellen. 
Das Experiment ist mir augenblicklich unmoglich wegen Mangel an 
J3wrp?^rascens-Weibchen 

- : ■: w , . . 

* Fassen wir schliefilich alles .oben gesagte ,kurz zusammen,. Peta,sites 
japonicus ist, wie durch Experimente nachgewiesen ist, eine gynodio- 
zische. Pflanze, be! welcher zwei Arten Individuen, namlich das Weibchen 
und der Zwitter zur Ausbildung .kommeh. Das erstere allein ist frucbt- 

1) Da es bei var. "naturlicb keiiie anthozyantragende Plastiden 

glbt,'kann bier von der Ubertfagnng derSelben keine Rede sein. - 

2) Einer brieflichen Mitteilung deS Herrn Dr. T. MAKiNO, dem besten Kenner der 

japanischen Pfianzen in der Gegenwbrt, ist diese pnrpnrne’ Varietat bei tinS- sehr* 
seiten. Es ist daber kaum zu erwarten, daB icb ihren weiblicben Stock in naherer 
Zukunft bekommen kann. — . ~ - 
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bar und daraus kommen beiderlei Arten Nachkommen. Der letztere 
dagegen ist ganz unfruchtbar und blob als Pollenlieferant bei der Be- 
frucbtung dienlich. Der letztere Vorgang ist als eine Rtickbastardierung, 
Heteroweibchen 9 x Homozwitter c? , oder Homoweibchen 9 x Hetero- 
zwitter c? aufzufassen, und dabei ahnelt das ganze Verhalten weit mehr 
dem der rein dibzischen Pflanzen als dem der bisher untersuchten gyno- 
didzischen, z.B. Satureia hortensis, Man kann wohl Petasites als eine 
ti'bergangsstufe aus dem Zwittertum zur Diozie, welche phylogenetisch 
einen Schritt weiter fortgeschritten ist als Satureia, annehmen. 

Var. purpurascens, welche- morphologisch ganz typica ahnlich ist, 
ist diireh die purpurne Farbe ihrer verschiedenen Organe ausgezeichnet. 
Fs ist hdchst eigentumlich, dab die Kreuzung typica 9 x purpurascens 
sowie {typica 9 x purpurascens d' ) x purpurascens d eine Nachkommen* 
sehaft liefern, welche keine Spur der purpurnen Farbe erkennen labt. 
Diese experimentellen Resultate haben mich dazu gefuhrt, dieHypothese 
vorzuschlagen, dab das anthozyanhaltige Zytoplasma ausschlieblich dutch 
die Eizelle an die Nachkommenschaft iibertragen werden kann. 
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Nachtrage bei der Korrektur 

Meine ganze Peias'ifes-Kultur wurde Mitte 1936 in das neue Versuchsfeld nach 
Hongo verpflanzt, und im Friihling 1936 sind keine Pflanzen zur Ausbildung von 
Bl'utenstanden angekommen. Im Marz 1937 jedoch konnte man dieselben bei einer 
Anzahl von Individuen beobachten und dabei mdchte ich die folgende Tatsache er- 
wShnen. 

Wie oben erortert, habe ich bis zum Jahre 1935 die Ausbildung von hSchstens 
zwei Blutenstanden pro Individuum nachweisen konnen, aber diesmal (Friihling 1937) 
habe ich bei einem Individuum (Nr. 2A-3) fiinf und bei einem anderen (Nr. 2A'-9) drei 
Bliitenstande gesehen. Beim ersteren sind alle weiblich, aber beim letzteren sind 
unter dreien zwei zwitterig und einer weiblich. D.h. die Bliitenstande von entgegen- 
gesetzter Natur sind zugleich an ein und demselben Individuum vorhanden. Noch 
bei einem anderen (Nr. 2A-7), wo nur ein Bliitenstand zu sehen war, habe ich unter 
zahlreichen zwitterigen KOpfchen ein einziges weibliches wahrgenommen. 



Karyological Studies on Some Species of Lobelia 
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Concerning the basic chromosome number in the genus Lobelia, 
two different views have hitherto been advanced; Armand (’12) 
stated that the haploid number of L. Dortmanna, L. JErinus and L. 
Urens each is 8, whilst de Vilmorin and Simonet (’27b) reported 
7 haploid chromosomes in L. cardinalis, L. cliff ortiana, L, syphilitica 
and L. Urens,, and also 14 and 21 chromosomes in, several varieties 
of L. Erinus. The present study has accordingly been initiated with 
a primary aim to ascertain whether the genus contains types of both 
7 and 8 basic numbers, or if not, which view is correct. 

The material was obtained from the experimental gardens of our Labo- 
ratories in which several species of Lobelia from various sources are cultivated, 
with the exception, of L. $essilifolia which was collected by the writer at Numano- 
hata, Hokkaido. 

For determining the somatic chromosomes of the root-tips, the usual para- 
ffine method was employed, the fixative being Nawaschin’s chromo-acetic solu- 
tion and the stain being iron-alum haematoxylin. For the meiotic chromosomes 
in the PMCs„ iron-acetocarmine smears were made in addition to the paraffine 
section. 


, , Observ«itions . 

i) Chromosome numbers and morphology 

The chromosome numbers in the seven species of Lobelia em- 
ployed were determined as follows: 


Spepie^ 

Meiotic 

Somatic 

L. inflata L. 

7ii (Fig. 10) 

14 (Fig. 1) 

L, dresidensis*' 

7ii (Fig. 11) 

14 (Fig. 3) 

L. syphilitica h* 

7ii (Fig. 9) 

14 (Fig. 2) 

L. sessilifolia Lamb. 

14ii (Fig. 13) 

28 (Fig. 5) 

L. Erinus L. Plant No. 1. 

21n (Fig. 16) 

42 (Fig. 7) 

,, „ Plant No. 2. 

20ii+2i(Figs.l4, 15) 

— 

L. triquetra L. Plant No. 1. 

— 

42 (Fig. 6) 

,, ,, Plant No. 2. 

7ii (Fig. 17) 

__ 

L. Richardsonii Hort. 


42 (Fig* 4) 


* The author name of this species could not be traced. 


As will be clear from the above list, the genus Lobelia consists 
of a polyploid series with the basic number of 7,- i.e., a series of 7— 
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14-21. The present results are in agreement with the observation by 
DE ViLMORIN and SiMONET. 
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Pigs. 1-7. Somatic complements in 7 species of Lobelia. 1. L. inflata (2n = 14). 2. 
jL. syphilitica (2n *= 14). 3. L, dresidensis (2n = 14). 4. L. Richardsonii (2n = 42). 
5. L. sessilifolia (2n == 28). 6. L.iriquetra (2n = 42). 7, L. Erinus (2n — 42). x6000 

x2/3; 

So far as it concerns the present study, the meiotic divisions are 
normal in general, though in one plant of L. Erinm a few univalents 

were often met with. 

i j , The comparison of 

I 1*1 IV idiograihs in three diploid 

// IV^ I# J-f II species, L. ,(Fig. 

a . 8a), L. syphilitica ,(Fig. 

1%. «« .'8b) .and L. dresidensis 

^1# 1/ 1 1 I I Cf Ji ’ .reveals, certain 

. . coiisiderable differences 
\ - \ I » * ' - them, „ namely, 

^ ffl I I I I ll chromosomes of 

II %Ib I J I I - I- J'^ L. syphilitica and L. dresi- 

„ densis are fairly longer 

Fig. 8. The comparison of chromosome types in L. . ,, . j nv>ynin 

inflata (a), I,. syphilMca (b), and L. dresidensis inflata, 

(c). x5000 x 2/3. (ii) there is brie jpair of 


ji >> » nc » a 1) 
bcCDiriKfll 
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two constricted chromosomes in each of L. syphiliticcb and L. dresi- 
densis, while L. inflata lacks the corresponding type, and (iii) in L. 
inflata there is one pair of satellited chromosomes, the satellites being 
of similar size; in L. syphilitica the corresponding pair is hetero- 
morphic with respect to the size of the satellites ; but in L. dresidensis 
one of the pair is deprived of the satellite. Such a polymorphism in 
the satellite is parallel with the case found by Haga (’34) in Paris 
quadrifolia var. obovata. During the course of the study, the writer 
has met, though rarely, with the occurrence of two univalents instead 
of a bivalent in PMCs of L. dresidensis (Fig. 12) and this will be 
assumed to be connected with the heteromorphism in -the satellited 
chromosome pair. -• 
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Figs. 9-14, 16 and 17. First meiotic metaphase plates from PMCs. 9. L. syphilitica 
(n=7). 10. L. inflata in = 1). 11. L. dresidensis {n 1). \2, L. dresidensis. Six 
bivalents and two univalents are shown. 13. L. sessilifulia (n == 14). 14-15. L. 

Erinus No. 2. 14. Polar view showing 22 chromosomes (20ii+2i). 15. Side view in 
anaphase I showing two univalents. 16. L. Erinus No. 1. (n = 21). 17. L, triquetrd 

No. 2. (n= 7). X 3500x2/3. 

Concerning the higher polyploids of Lobelia, it was not easy to 
analyse the chromosome types with certainty, but as far as L. sessili- 
folia, a tetraploid species, is concerned, it seems that there are only 
one pair of satellite-chromosomes and only one pair having two con- 
strictions. This will have significance in considering the origin of 
such polyploids. 


ii) Some further remarks on L* sessilifolia 

There being an abundance of good preparations, L. sessilifolia 
was subjected to further special observations, namely, (a) upon the 
mode of chromosome (bivalent) arrangement at the first meiotic 
metaphase plate and (b) upon the relationship of chromosomes to 
nucleoli. Though the results on these points are only of a preliminary 
nature, they may merit publication as supplying material for further 
research in these fields. 

a) Chromosome arrangement. The mode of arrangement of 
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the total 14 bivalents of L. sessilifolia at the first metaphase was 
classified into the following three types : 

i) 11 bivalents lying outside the plate, the remaining 3 inside, 

ii) 10 bivalents lying outside the plate, the remaining 4 inside, 

iii) 9 bivalents lying outside the plate, the remaining 5 inside. 

These three types are illustrated in Figs. 18, 19 and 20 respectively. 

The observed frequencies of these three types in the total 48 
PMGs were, found to be as follows : 

Frequency Percentage 

1 2.08> 

31 64.58 

16 33.33 

The above data will suggest that the second mode of arrange- 
ment is a stable form, .a condition to be expected from the floating 
magnet theory of chromosome arrangement (cf. Kuwada ’29). 

- _ ^ . b) ■ - 
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The- relation- 
ship of chromosomes 
to nucleoli. A very 
.unique behavior of 
nucleoli was found in 
the somatic division 


Pigs. 18-20. Illustrating the three types of chromosome Qf sessilifolid. Y%2 l- 

sxvBXigement'm L. sessilifolia. x3500x2/3. , * ^ 

tures of this matter 

■may be described in the order of events as follows : 

i) At prophase there is only one nucleolus in each cell, with 
which a chromosome is tightly connected distally (Fig. 23). 

ii) Later on, the nucleolus begins to divide into two parts 
(Fig. 24) . 

iii) At stages just prior to metaphase, there are two nucleoli, 
one of which is connected with a chromosome, while the other is 
completely free from any chromosome (Figs. 25-27). 

iv) The nucleolus attached to a chromosome decreases gradually 
in volume as the stage proceeds, and at such a stage it can be 
recognized that the chromosome in question is one of the double-con- 
stricted ones. 

v) Often the nucleolus which bears no relation to the chromo- 
some remains at metaphase even after the other nucleolus has com- 
pletely disappeared (Fig. 28). It is a noteworthy fact that in the 
present material no relationship was observed between the satellite- 
chromosomes and the nucleolus, but that it is one of the two double- 
houStricted chromosomes which bears the actual relationship to the 
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nucleolus. The present finding will be interesting in comparison with 
Heitz’s hypothesis (’31 a, b) on the nucleolus-chromosome relation 
ship. 



Figs. 21-22. Two diakinetic nuclei in L. sessilifolia showing fourteen bivalents. 21. 
Representing a bivalent carrying the satellite which has no bearing on the nucleolus. 
22. Late diakinesis. The nucleolus has disappeared already, x 3500x2/3. Figs. 23-28. 
Prophase and prometaphase stages in the somatic division of the root tip showing the 
relation of chromosomes to the nucleolus. 23-24. One large nucleolus is present. 
25-27. Two nucleoli n^ and n^^ are shown. One of them(nO is in connection with 
the distal end of one definite chromosome and the other (n-'O has no relation to any 
chromosome. 28 . Only one of the nucleoli (n'O is visible, x 6000x2/3. 

It was not easy to determine whether parallel behavior of the 
nucleolus is detectable in the meiotic division. But so far as the 
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obs 6 rv 3 .tioii goQS, it is Quits clsur thut ut surly diukinssis thsrs is no 
actual connsction of satsllits-bivalsnts with the. nucleolus, as illust- 
rated in Fig. 21. At mid-diakinesis usually no nucleolus was visible. 
(Fig. 22). 

This work was carried out under the guidance of Professor H. 
Matsuura, to whom the writer wishes to express his sincere thanks 
for kind advices and valuable criticisms throughout the investigation. 

: Summary 

1 . . '■ 

1) .In the present study, seven species of Lobelia were dealt 

with karyologically. They were found to constitute a polyploid series, 
2x-4x“6x, with 7 as the basic number ; L. mflata, L. dresidensis, and 
L. syphilitica are diploid species, L. sessilifolia a tetraploid species, 
L. '■E-rinus and L. Richardsonii hexaploid species, and L. iriquetra 
contains both diploid and hexaploid individuals. 

2) The comparison of idiograms between three diploid species, 
L. mflata, L. syphilitica and L. dresidensis reveals certain marked 
differences in the size and structure of their components (cf. Figs. 
S a-c) * 

3) From a study on the chromosome arrangement at MI of 
PMCs in L. sessilifolia, it was found that the configuration with 4 
bivalents lying inside and the other 10 lying outside was prevalent, 
as the floating magnet '^heory of chromosome arrangiement demands. 

4) In the somatic division of L. sessilifolia, a unique behavior 
of the nucleolus was detected. The nucleolus divides at an early stage 
into two, one of which parts is connected with the distal end of one 
definite chromosome, the double-constricted one, while the other part 
is entirely free from any chromosome. No connection was observable 
between the satellite-chromosomes and the nucleolus in either the 
somatic and meiotic divisions.' 
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Die Gattung Veronica in enlwicklungsgeschichtlicher Betraclitung 

Von 

Ernst Lehmann, Tubingen 

Wenn ich heute in die Reihen der Gratulanten trete, die dem 
Meister der Cytologie im fernen Osten zum 70. Geburtstage ihre 
Gliickwiinsche liberbringen, dann ist es mein Wunsch, ich mochte 
ihm eine Gabe vorlegen konnen, aiif der sein Auge nicht ganz ohne 
Interesse verweile. Wird es aber dem Jubilar etwas Freude bereiten, 
wenn er sieht, wie die entwicklungsgeschichtliche Forschung in der 
Gattung Veronica, die ich nun von Jugend an betreibe, und die 
meine Schuler bis zum heutigen Tag, teils in Verbindung mit mir, 
teils durchaus selbststandig weiterpflegen, auf sehr verschiedenen 
Wegen ihre Kronung und bestmdgliche Klarung von der Cytologie 
her tindet, dem Gebiet, auf dem gerade er mit seinen Landsleuten 
so besonders bahnbrechend gewirkt hat? 

Es kann nur eine Skizze unserer Arbeit sein, die ich hier vorlege; 
nur einige markante Linien seien gezeichnet. Ein abgeschlossenes 
Ganzes kann noch nicht geboten werden. Die Wege, welche die Ent- 
wicklung in der Gattung Veronica eingeschlagen hat, sind noch langst 
nicht alle geklart. Die Arbeit aber wird weder von mir, noch von 
denen, die nach mir kommen, so bald abgeschlossen werden konnen. 
Drum sei heute diese erste Skizze unserer gemeinsamen Arbeit in der 
Gattung Veronica gezeichnet und Professor K. FUJil zum 70. 
Geburtstage zugeeignet. 

Die Arbeit begann an der Gruppe Agrestis. Die Arten dieser 
Gruppe zogen zunachst dadurch meine Aufmerksamkeit auf sich, dafi 
sie mir Schwierigkeiten bei der Bestimmung machten. Das war 
schon in meiner Schuler- und Studentenzeit der Fall. Als ich dann 
die Arten in den Herbarien studierte, stellte sich heraus, dafi es 
anderen ebenso gegangen war, wie mir. Es herrschte damals eine 
heillose Verwirrung in dieser Gruppe in den Herbarien der ganzen 
Welt. Bei sorgfaltigem, kritischen Studium ergab sich aber alsbald, 
dah sich die einzelnen Arten scharf von einander unterscheiden und 
dafi die trennenden Merkmale zu einem grofien Teil schon durchaus 
klar heraus gestellt worden waren. Die diagnostische Arbeit war 
aber noch nicht geniigend in die Floren eingedrungen, so dafi bei 
deren Benutzung immer wieder Fehlbestimmungen zustandekommen 
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mufiten. Wenn dies z.T. zweifellos mit der grofien Ahnlicfetkeit der 
einzelnen Arten und ihrer nicht iinerheblichen Modifikabilitat zusam- 
menhing, so beruhte es dock auch besonders auf der differenten geo- 
graphischen Verbreitimg der Arten. Ihrer Klarstellung widmete ich 
mich zunachst. Es ergab sich, dafi 7. agrestis L. vor allem eine 
Pflanze kuhierer Klimate und groiSerer Hohenlagen ist; V\ poUta Fr. 
dagegen dringt in den Niederungen weit bis in sudliche Verbreitungs- 
gebiete vor, wahrend V. opaca Fr. in Europa eine vorziiglich kon- 
tinentale Verbreitung bis tief nach Rufiland hinein aufweist (L, 
1907b, 1908). Dariiber hinaus ergab sich, dafi V. Tournefortii Gm. 
erst in geschichtlicher Zeit weite Wander ungen von der kaukasischen 
Heimat iiber die alte und neue Welt, begiinstigt durch Verschleppung 
als Ackerunkraut, angestellt hatte (L. 1906), wahrend die vielfach 
mit ihr verwechselte, ebenfalls im Kaukasus beheimatete V. fiUformis 
Sm. im Grofisn und Ganzen auf das Heimatgebiet beschrankt ge- 
blieben ist. In einer Ubersichtskarte wurde die Verbreitung der 
Arten dargestellt (L. 1908). 

Ich ging dann dazu iiber, die Arten zur Erfassung von 
Variabilitat und Modifikabilitat in Kultur zu nehmen. Durch Erzie- 
hung unter verschiedenen Bedingungen wurde die Modifikationsbreite 
ermittelt, was zur klaren Erfassung und Abgrenzimg der Arten von 
besonderer Wichtigkeit wurde. Es wurde auch versucht, Bastarde 
zwischen den einzelnen Arten zu erstellen, was aber mifilang (L. 
1914). Dagegen konnten verschiedene Unterarten heraus different 
ziert werden ; von diesen wurden f fir meine fernere Arbeit besonders 
wichtig die beiden Unterarten von V. Tournefortii, die ich als subsp. 
Corrensiana und subsp. Aschersoniana beschrfeb (L. 1909a) . 

Innerhalb der beiden genannten Unterarten fiel nun aber alsbald 
eine sehr starke Variabilitat in der Zahl der Blfitenglieder auf. Schon 
Bateson (1891, 1898) hatte sich mit diesen Variabilitatsverhalt- 
nissen, insbesondere mit der Variabilitat der Zahl der Blumenblatter 
beschaftigt. Er fand vor allem ffinfblattrige Kronen, teils mit ver- 
doppeltem hinteren, teils mit verdoppeltem vor der en Kronblatt, dane- 
ben mancherlei andere Abweichungen vom normal vierzahligen 
Kronenbau. Diese Varianten traten einmal auf der einzelnen Pflanze 
in sehr verschiedenen Prozentsatzen auf; z.a. aber liefi sich zeigen, 
dafi in ihrem Variantengehalt verschieden reiche Rassen vorkommen, 
sogenannte „Zwischenrassen“ im Sinne von de Vries. Ich habe die 
Variabilitatsverhaltnisse solcher Zwischenrassen der V. Tournefortii 
sehr eingehend untersucht. Vor allem habe ich dabei meine Auf- 
merksamkeit der nicht weniger seltenen Variabilitat der Kelchblatt- 
zahl ziugewandt. Hier sind es im besonderen haufig Blfiten mit ffinf- 
tem, median hinteren Kelchblatt, welche zur Beobachtung kommen. 
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Auch hier liessen sich Rassen mit verschieden hohem Prozentgehalt 
solcher pentasepaler Kelche beobachten; es liefi sich zeigen, dai3 die 
Varianten in sehr bestimmt periodischer Verteilung iiber die ein- 
zelnen Individuen auftreten und dafi die Variabilitat im Kelch und 
Biumenblattkreise kbrrelativ verkniipft ist. (L. 1909b, 1919a). 

Das Auftreten der Pentasepalie mit median hinterem fiinften 
Kelchblatt in Korrelation mit deni' Auftreten fiinfblattriger Kronen 
mit verdoppeltem hintereri Kronblatt erschien mir nun aber deshalb 
von besonderem Interesse, da hier ein Merkmal von stainmes- 
geschichtlicher Bedeutung in seinen Variationsverhaltnissen erfaBt 
war (L. 1919a). Die vierzahligen Feroto'cdbluten sihd ja zweifellos 
abgeleitet von dem fiinfzahligen Gruhdbau der Scrophulariaceen- 
bliite. Das hintere Kronblatt ist haufig noch zweinervig ira Gegen- 
satz zur Einnervigkeit der tibrigen Kronblatter der Keromcablute und 
auch im Gegensatz zu dem Verhalten vieler anderer Veronicaarteh, 
bei dehen die Ableitung soweit gegangen ist, da& auch das hintere 
Kronblatt nunmehr einen Nerv aufweist (Juel 1891, Saunders 1934) . 
Auch die Pentasepalie tritt ja in manchen Verwandtschaftsgruppen 
der Gattung noch sehr regelnlafiig auf, wahrend sie in anderen Ver- 
wandtschaftsgruppen ganz Oder fast ganz fehlt. Dabei zeigte sich 
die Pentasepalie in den einzelnen Fallen nicht selten ontogenetisch 
verschieden begriindet (Fischer 1920). Gelang es also iiber den 
Erbgang dieser Pentasepalie Auf klarung zu erlangen, so war damit 
auch etwas fiir die Phylogenie der Gattung, wie dariiber hinaus der 
ganzen Scrophulariaceenreihe gesagt (L. 1919a) . 

Mit dieser Zielsetzung ging ich an die Erstellung von Kreuzitn- 
gen zwischen Rassen mit verschiedenem Pentasepaliegehalt heran. 
Fiir die ausschlaggebenden Verbindungen kamen die folgenden drei 
Biotypen zur Verwendung: 1.) Ein Biotyp von F. Corrensiana mit 
nahezu 100% vierblattrigen Kelchen; 2.) Ein Biotyp von V. Ascher- 
soniana mit etwa 90% vierblattrigen Kelchen; 3.) Ein Biotyp, den 
ich aus Kreuzungen verschiedener Aschersoniana-Formen erzielt 
hatte mit nahezu 100% fiinfblattrigen Kelchen, dem ich den Narrien 
F. tubing ensis beilegte. Bei Kreuzung dieser Biotypen untereinander 
ergab sich zunachst die folgende interessante Tatsache: Die beiden 
tetrasepalen oder nahezu tetrasepalen Biotypen verhielten sich der 
pentasepalen F. tubingensis gegeniiber insoferne verschieden, als sich 
die Tetrasepalie von F. Corrensiana, der Pentasepalie der F. tubin- 
gensis gegeniiber rezessiv, die Tetrasepalie von Aschersoniana aber 
dieser gegeniiber dominant zeigte. Aus dieser Tatsache lieB sich 
zunachst, unter Beriicksichtigung der reichlich vorhandenen indivi- 
duellen Variabilitat der Zahl der Kelchblatter das bestandige Um- 
schlagen derselben, die Schwierigkeit des Auslesens nach der Zahl 
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der Sepalen in einer Richtung verstehen; man hat es ja in einem Falle 
mit dominanter, im anderen mit rezessiver Pentasepalie bzw. Tetra- 
sepalie zu tun, ohne dem Merkmal aufierlich das Erbverhalten ansehen 
zu konnen. 

Handelt es sich nun aber bei der rassenmafiigen Verteilung des 
Prozentgehaltes der Pentasepalie urn einfach erfafibare mendelnde 
Gene? Die Versuche zeigten, dafJ dies nicht der Fall ist. Die Ver- 
haltnisse waren zunachst so undurchsichtig, daO sie Anlafi zu den 
verschiedensten. Erklarungsversuchen boten (L. 1914). Erst durch 
sehr eingehende Studien (L. 1921b) konnten einigermafien befriedi- 
gende mendelistische Erklarungsversuche mit Hilfe mehrerer gieich- 
sinnig verschieden stark wirkender Faktoren, die ich in vorlaufiger 
Form in die Chromosomen zu verlegen versuchte, erbraeht werden. 
Wenn auch die in meinen Kreuzungen und Rtickkreuzungen erhaltenen 
Zahlenverhaltnisse so noch keine Klarung in alien Einzelheiten 
fanden, so war doch der Weg gewiesen, das in phylogenetischem 
Sinne so interessante Merkmal der Pentasepalie erbbiologisch zu 
erfassen, Wie dann spater mein Schuler Beatus auf diesen Grund- 
lagen in Verbindimg mit eigenen cytologischen Arbeiten erfolgreich 
weiter vorgedrungen ist, wird alsbald darzustellen sein. 

Vorerst aber war tiberhaupt die cytologische Grundlage in der 
Gattung zu legen. Als ich meiner Schiilerin, Fraulein Huber, 1925 
nahelegte, die Chromosomenzahlen in der Gattung Veronica, und in- 
sonderheit auch in der Gruppe Agrestis klarzustellen, lag nach dieser 
Richtung in unserer Gattung uberhaupt noch nichts vor. Es erschien 
dann aber zunachst 1926 eine Arbeit von Heitz, in welcher von V. 
opaca die Haploidzahl auf 12-14 Einheiten angegeben wurde. Ein- 
wandfrei konnte dann Huber (1927) fur V. polita n = 7 feststellen 
und fiir 7. Toumefortii n = 14 sehr wahrscheinlich machen, so dab 7 
als Grundzahl fiir die Gruppe Agrestis anzunehmen war und fiir V. 
Toumefortii Tetraploidie auf dieser Basis nahegelegt war. Diese 
Feststellungen wurden dann richtungsgebend fiir die weiteren Unter- 
suchungen von Beatus (1934, 1936a). Er stellte die folgenden 
Zahlen einwandfrei fest: V. polita n — l, die nahverwandten Arten 
agrestis und opaca n = 14; V. Toumefortii n = 14, die dieser nahe- 
verwandte F. filiformis n = 7. Auch Simonet (1934) gibt diese 
Zahlen fiir die letztgenannten beiden Arten an. 

Unterdressen war ja nun aber die Cytologie, yor allem auch die 
der polyploiden Formen sehr viel weiter fortgeschritten. Unter 
gliicklicher Auswertung so erlangter Erkenntnisse und auf Grand 
eigener, vertiefter eytologischer Unter suchungen an den Arten der 
Gruppe konnte Beatus (1934) die Zwischenrassenfrage bei F, 
Tournefortii noch viel befriedigender klaren als mir dies ohne cytolo- 
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gische Studien gelungen war. Aiif Grimd haufig auftretender 
Qiiadrivalenter wahrend der Reifeteilimg kommt Beatus zur An- 
nahme von Autopolyploidie fiir V. Towme/orin; werden dann waiter 
die Pentasepaliefaktoren als multiple Allele aufgefafit, so lassen sieh 
die in meinem friilieren, wie in den spater von Beatus angestellten 
Kreuzungen erhaltenen Zahlenwerte sehr wohl verstandlich machen. 
Mancherlei Einzelfragen wiirden dann noch auf Grund entwicklungs- 
geschichtlicher Untersuchungen der V eronica-Eliite., wie sie von 
meinem Schuler Fischer (1920) in Angriff genommen worden waren, 
beantwortet warden kdnnen. 

So ware dieses, auf einer grofien phylogenetischen Reduktions- 
reihe liegende Merkmal der genotypischen Klarung nahegebracht» 

Beatus (1936 a, c) aber fiihrte die chromosomalen Studien in 
der Gruppe Agrestis dann noch weiter ditrch und wertete sie in ent- 
wicklungsgeschichtlichem Sinne aus. Er findet verschieden haufige 
•Multi valenz bei den drei polyploiden Arten der Agrestis-Gruppe. Am 
geringsten ist die Zahl der multivalenten Chromosomen bei V. 
agrestis selbst. Es wird daraus geschlossen, dafi der Verwandt- 
schaftsgrad zwischen den entsprechenden Chromosomen der vier 
Genome nicht sehr hoch ist und dafi die Entstehung der Art verhalt- 
nismaOig wait zuriickliegt. Bei V. TournefortU sind multivalente 
Chromosomen und ,, secondary association^ haufiger zu finden. Dem- 
nach zeigen die Genome noch einen hohen Verwandtschaftsgrad. Die 
Entstehung der V. TournefortU ware somit jiingeren Datums. Ent- 
sprechendes gilt fiir V. opaca. Auf Grund dieser seiner caryologischen 
Feststellungen macht sich nun Beatus in Verbindung mit meinen 
friiheren pflanzengeographischen Studien ein Bild von dem Ent- 
wicklungsgeschehen in der Gruppe Agrestis. Im Gebiete der Heimat- 
gruppe, dem Kaukasus und Persian, sind die beiden diploiden Arten 
polita und fiUformis vertreten, aufierdem die tetraploide V, Tourne- 
fortii. Fiir V. TournefortU wird nun Entstehung aus V. filiformis 
durch Chromosomenverdoppelung und damit Autotetraploidie ange- 
nommen, wie wir schon weiter oben erwahnten. F. TournefortU hat 
die Heimat erst in jiingerer Zeit verlassen, F. polita aber ist von dort 
schon lange auf die Wanderschaft gegangen und zu ihrer weltweiten 
Verbreitung gekommen. Wie aber ist die Entstehung von F. agrestis 
und F. opaca zu denken? Beide kommen in der Heimat der iibrigen 
drei Arten nicht vor. Beatus nimmt fiir sie Nordeuropa als wahr- 
scheinliches Entstehungsgebiet und F. polita als Ursprungsart an. 
Fiir diese verschiedene Entstehungsgeschichte spricht auch besonders 
die nhhe Verwandtschaft der Arten der beiden jeweiligen Gruppen. 
Zudem wiirde auch noch das Vorkommen von F. siaretensis Lehmann, 
welche Merkmale von F. TournefortU und F. polita in sich vereinigt, 
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in Persien fiir die Annahme von Beatus sprechen. Die Entstehung 
der polyploiden V. agrestis und opaca fern vom Gebiet des ursprung- 
lichen Vorkommens harmoniert aber auch niit den interessanten Fest- 
stellungen von Hagerup (1933) imd Tischler (1935), nach denen 
Pflanzen, die von ihrer ursprunglichen Heimat in neue Gebiete vor- 
dringen, dort infolge der abweichenden klimatischen Bedingungen 
Storungen im Ablauf der Reifeteilung aufweisen, die zu polyploiden 
Formen fiihren. Mancherlei Einzelfolgerungen konnen bier nicht 
erortert werden. 

So aber zeigt sich, wie systematische, pflanzengeographische, ent- 
wicklungsgeschichtliche, genetische und schliefilich cytologische For- 
scbungen gemeinsam immer tiefer in die Kenntnis der Entwicklungs- 
geschichte dieser Gruppe eingefuhrt haben und uns somit den Zielen 
naher brachten, welche mir bei Inangriffnahme der Arbeit vorscli- 
webten. Schon aber wird von Beatus der Weg weitergewiesen, wie 
zum Beweis der gemachten Annahmen die Verdoppelung der Chro- 
raosomen etwa bei V, fiUformis oder V. polita experimentell in 
Angriff genommen werden konnte. 

Als ich 1907 mit meiner ersten Feromca- Arbeit „'Uber Wande- 
rung und Verbreitung van V. Tournefortii“ in Dahlem Geheimrat 
Engler begegnete, schlug dieser dem damals neuauftauchenden 
jungen Botaniker vor, die Feromca-Studien zu erweitern und die 
ganze Gattung fiir sein „Pflanzenreich“ zu bearbeiten. Diese Anre- 
gung bestarkte mich, die schon in Angriff genommene systematische 
und pflanzengeographische Durchforschung weiterer Gruppen mit be- 
sonderer Energie fortzusetzen. So dehnte ich meine Arbeit zunachst 
auf die benachbarten Gruppen der Sektion Alsinebe, der auch die 
Gruppe Agrestis angehort, aus. Es erwies sich hierbei zunachst 
wesentlich, die Arten dieser Sektion in einzelne, natiirliche Gruppen 
scharfer zusammenzufassen. Ich kam zu einer Gruppeneinteilung, 
iiber die ich in meiner Arbeit fiber die Feromca-Sektion Alsinebe 
(1910) berichtete. Daneben aber machte ich die Feststellung, dafi 
in den Gruppen der ganzen Sektion dieselben Merkmale in den ver- 
schiedensten Kombinationen einmal hervor, das andere Mai zuriick- 
traten. „Man gewinnt danach den Eindruck, dafi diese Merkmale 
auf Merkmalseinheiten oder Anlagen basieren, die mehr oder weniger 
unabhangig voneinander sich verandern konnen, wie es in neuester 
Zeit durch die MENDELschen Bastardierungsversuche in anderem 
Zusammenhange nachgewiesen wurde. Die Entwicklung der Arten 
kann hier also nicht einfach als Gauzes betrachtet werden, sondern 
die Einzelmerkmale und deren Verhalten miissen ins Auge gefafit 
werden, wenn man eine natiirliche Anordnung der Arten wiinscht. 
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Gerade Entwicklungsreihen lassen sich aus. diesem Grunde hier ganz 
und gar nicht konstruieren. Wir kommen vielmehr zu der An-^ 
schauung, dal5 beim Zustandekommen der . Artenmannigf altigkeit in 
der Sektion Alsinebe eine relativ geringe Menge von erblichen Ein- 
heiten mitgewirkt hat, deren wechselweises Hervortreten und Zuriick- 
treten, jedenfalls verbunden mit gegenseitigem Aufeinanderwirken 
dann zu dem Bild gefiihrt hat, welches uns heute die Sektion zeigt.“ 

Immer aber zogen mich Einzelprobleme und -Beobachtungen in 
ihren Bann und riickten das Ziel der systematisehen Gesamtbearbei- 
tung der Gattung in nebelhafte Feme. Aus der Sektion Alsinebe 
kam mir V. syriaco, in die Hand, Eine unerhbrte Variabilitat in der 
Zahl der Blutenglieder trat mir entgegen und f orderte zu statistischen, 
wie Korrelationsuntersuchungen auf (L. 1917), Bei den zur erb- 
biologischen Klarung dieser Variationserscheinungen angestellten 
Kreuzungen blieben nun aber immer einzelne Kombinationen aus 
und die notwendigen Selbstungen versagten. So konnte ich nicht 
lange im Zweifel dariiber bleiben, dafi es sich in V. syriaccb um eine 
selbststerile Art handele. Ich war nicht umsonst Assistent bei 
meinem Lehrer, Professor JOST gewesen, hatte mit Spannung in Leip- 
zig an einem Colloquium teilgenommen, bei welchem Pfepfer und 
CORRENS zur Frage der Selbststerilitat Stellung genommen hatten! 
CORRENS hatte ja dann das Selbststerilitatsproblem bei Cardamine 
2 jratensis auf genetischer Basis in Angriff genommen und weit- 
gehend gefordert, ohne es allerdings zum endgiiltigen AbschluiS 
bringen zu konnen. Da nahm ich (i919a, 1921a) die Frage der 
Selbststerilitat bei V. syriaca auf und konnte sie in Gemeinschaft mit 
meinem Schuler Filzer (1926) zu befriedigender Lbsung bringen. 
Multiple Allelie war des Ratsels Losung geworden. Ganz unab- 
hangig hatten wir an V. syriaca und East bei Nicotiana um die gleiche 
Zeit dasselbe Ergebnis erzielt. — Selbststerile Veronicae aber fanden 
sich dann auch noch in anderen Gruppen; so stellte ich solche in der 
Gruppe Pentasepala fest und CORRENS studierte die Selbststerilitat 
von y. gentianoides. 

Durch herbarkritische und pflanzengeographische Untersuchun- 
gen gelang es dann weiterhin, auch tiefer in die Eenntnis der Gruppen 
Biloba und Megasperma einzudringen. 

Wie wir noch Sehen werden, waren aber unterdessen fur andere 
Gruppen der Gattung in meinem Institut angestellte chromosomale 
Untersuchungen besonders aufschlufireich geworden. So erschien 
es lohnend, solche Untersuchungen auch in der Sektion Alsinebe tiber 
die schon studierte Gruppe Agrestis hinaus auszudehhen, Diese Auf" 
gabe ubernahm Fraulein Hopelich (1935) . Auffallend waren die 
sehr verschiedenen Chromosomenzahlen, die hier festgestellt werden 
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konnten. Einmal kommt hier nicht nur die Grimdzahl 7, wie sie fiir 
die Agrestis-Gruppe aufgefunden wurde, vor; es traten auch die 
Grundzahlen 8 und 9 auf, auf denen sich wie auf det Grundzahl 7 
polyploide Reihen aufbauten, und es fanden sich daneben auch aneu- 
ploide Zahlen. Es folge eine Ubersicht der in der Sektion gefundeneii 


n 


2n 


42 


' Chromosomenzahlen 

Verwandtschaftsgruppe Megasperma : 

V. sibthorpioides Deb, et Deg. 

V. hederifoUa L. 

V. panormitana Tin. 

V. cymbalaria Bod. 

Verwandtschaftsgruppe Diplophyllum : 

V. cardwcarpa Walp. 

V.bilobah. 

V. campylopoda Boiss. 

V. arguteserrata Reg. et SCHM. 

Verwandtschaftsgruppe Mikrosperma 

V. arvensis L. 

V. verna L. 

V. Dillenii Getz. 

V. peregrina L. 

Verwandtschaftsgruppe Pellidosperma : 

V. triphyUos Jji. 

"" V. praecox All. 

Verwandtschaftsgruppe Acinifolia : 

V. acinifolia L. 

V. syriaca Roem. et Schult. 

Verwandtschaftsgruppe Serpyllifolia : 

V. serpyllfolia L. 

V. repens DC. 

Vergleichen wir die innerhalb der einzelnen Gruppen festgestell- 
ten Chromosomenzahlen mit der Einteilung, zu der ich auf Grund 
der morphologischen Merkmale gelangt war, (L. 1910), so zeigt 
sich eine bemerkenswerte tJbereinstimmung mit der damals durch- 
gefiihrten Gruppenbildung. Wie wir noch sehen werden, ist die 
Grundzahl in der ganzen Gattung Veronica n = 8, eine Zahl, welche 
Heitz als Grundzahl der Scrophulariaceenreihe feststellte. Die Grund- 
zahlen 7 und 9, die in der Sektion Alsinebe neben der Grundzahl 8 
ZLir Beobachtung kommen, sind wohl ohne Zweif el von der Grundzahl 
8 der Gesamtgattung abzuleiten. Von Interesse ist in diesem Zusam- 
menhange, dafi V. cardiocarpa teils die Haploidzahl 7, teils 8 auf- 
Zweisen hat, wobei von den 7 Chromosomen das eine grbfier als die 
iibrigen sein und gelegentlich eine Einkerbung aufweisen kann. Das 


15 

28 

9 

18 

7bzw.8 15 
14 
21 
21 

8 
8 
8 

26 

7 
9 

7 
7 

7 
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legt die Annahme nahe, dafi die abgeleitete 7-Zahl aus Verschmelzung 
von zwei der urspriinglichen acht Chromosomen zustandegekommen 
sein mag. Umgekehrt ware die Zahl 9 wohl auf Chromosomenzerfall 
zuruckzufiihren. Auf die mancherlei Schlufifolgerungen im einzel- 
nen, etwa die, welche das chromosomale Verhalten in den Gruppen 
Megasperma und Biloba in Verbindnng mit der geograpMschen 
Verbreitung nahelegt, u. a. sei hier nicht eingegangen, sondern auf 
die diesbeziiglichen Darlegungen von Hopelich (1935) und Beatus 
(1936a) verwiesen. Von besonderem Interesse diirften in Zukunft 
Kreuzungsversuche innerhalb der Gruppe Biloba werden, Kreu- 
zungen innerhalb der Gruppe Megasperma dagegen, welche wir hier 
anstellten, haben bislang noch keine Erfolge gezeitigt. 

Wir wenden uns nunmehr zu einer kurzen Betrachtung unserer 
XJntersuchungen , innerhalb der Sektion Veronica strum, die 
aus verschiedenen Griinden als besonders urspriinglich aufzufassen 
sein diirfte. Hier tritt sehr haufig die Fiinfzahl in den Bliitenwirteln 
auf; Pentasepalie ist vielfach vertreten; Piinfnervigkeit der Blumen- 
krone desgleichen. Ja auch Arten mit regelmafiig fiinf Blumen- 
blattern konnte Fries (1925) aus dem Kilimandscharo-Gebiet bei- 
bringen. Als regelmafiige Grundzahl der Chromosomen lieb sich 
ferner die urspriinglich Scrophulariaceenzahl 8 nachweisen. Huber 
gab ftir V. Gouani 16-18 Chromosomen an, fiir V. gentianoides 24. 
Diese Zahl wurde von SiMONET (1934) bestatigt, der daneben interes- 
santer Weise noch eine V. gentianoides va/riegata mit 32-34 Chromo- 
somen fand. Auch V. fruticulosa und fruticans besitzen n = 8 Chro- 
mosomen (SiMONET 1934, Beatus 1936b) . V. alpina mit n = 7 Chro- 
mosomen SiMONET (1934) ware wieder abgeleitet. 

Von der geographischen Verbreitung der Arten der Sektion 
V eronicastrum brachte Huber (1929) interessante kartographische 
Darstellungen, welche wiederum das relativ hohe Alter der Gruppe 
belegten. Die vorziiglich arktischen und alpinen Formen haben ein 
sehr weites aber auch vielfach unterbrochenes Gesamtareal. 

Genetische Untersuchungen durch Kreuzung der in ihren Ver- 
breitungsverhaltnissen so sehr verschiedenen beiden Arten V. fruti- 
culosa und V. fruticans (Huber 1929) stellte Beatus (1936b) an. 
Wahrend V. fruticulosa bekanntlich eine beschrankte alpine Verbrei- 
tung hat, ist V. fruticans emmal in den Alpen viel weiter verbreitet 
als jene, kommt dariiber hinaus aber auch in Skandinavien vor. 
Beatus konnte nun zeigen, dafi beide Arten sich leicht untereinander 
kreuzen lassen, und dafi die Bastarde normal fertil sind. Er erwies 
weiter, dafi die Artdilferenzen z.T. auf mendelnden Grundunter- 
schieden beruhen und es leicht ist, Neukombinationen zu erzielen, bei 
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denen bestimmte Artmerkmale der beiden Spezies ausg^etaiischt 
warden konneii; auch konnten in der Literatur beschriebene Arten 
imd Varietaten dieser Verwandtschaftsgruppe durch Kreuzung von 
V. fruticans und V- fruticulosa erstellt werden. 

Die Sektion Chamaedrys wiirde herbarkritisch und pflan- 
zengeographiscb schon 1914, teilweise ziemlich weitgehend von 
WULFF, sehr eingebend aber neuerdings von meinem Schuler Riek 
(1935) bearbeitet. Dieser suchte die sehr zahlreichen Arten der Sek- 
tion in kleinere natiirliche Gruppen zusammenzufassen, die einzelnen 
Arten in ihren Charakteren und in ihrer geographischen Verbreitung 
klarzustellen. 

Eine stammesgeschichtlich besonders interessante Gruppe dieser 
Sektion, die Gruppe Pentasepala, wurde in den unerhort formen- 
reichen Arten Teucrium, prostrata und austriaca schon 1910 von 
Watzl herbarkritisch sorgfaltig studiert, sodafi Riek auf ihre 
erneute Behandlung verzichten konnte. In dieser Gruppe ist, wie 
schon der Name sagt, die Pentasepalie besonders stark, wenn auch 
keineswegs ausnahmslos vertreten (L. 1914). Auch sonst besitzt sie 
mancherlei urspriingliche Ziige, Experimentell-cytologische Unter- 
suchimgen innerhalb dieser Gruppe begann mein Schuler Scheerer 
(1937). 

Die Kreuzungsuntersuchungen erwiesen sich hier allerdings 
wegen der zumeist vollkommenen oder doch sehr weitgehenden Selbst- 
sterilitat und dem perennierenden Charakter der Arten recht 
schwierig und zeitraubend. So beschrankt sich die experimentelle 
Bearbeitung zunachst nur auf die Feststellung der Kreuzungsmog- 
1 i c h k e i t e n zwischen den einzelnen Arten und zahlreichen Unter- 
arten. Auch die Beschreibung der Bastarde konnte noch nicht voll 
durchgefiihrt werden. 

Gerade die Frage der Kreuzungsmoglichkeit aber erwies sich von 
besonderem Interesse und wurde eingehend verfolgt. Es ergab sich 
eine weitgehende Beschranktheit der Kreuzungsmoglichkeit; gut 
kreuzbar sind nur: V. austriaca ssp. dentata und ssp. Jacquini; V. 
austriaca ssp. orMculata nnd V. pro strata Schwaben; V. Teucrium 
ssp. pseuTiochamaedrys und V. austriaca B&p. dentata und ssp. 
Jacquini, wobei bemerkenswert ist, daB bei Kreuzung auch zwischen 
verschiedenen Varietaten derselben Art Storungen in der Samen- 
bildung auftreten konnen. Bei der morphologischen Einheitlichkeit 
der Gruppe und den vielfach vermuteten Bastarden war dieser Befund' 
zunachst uberraschend, Jedenfalls erweist er, dafi die Frage, inwie- 
weit Kreuzungen an den in der Natur aufgefundenen Zwischenformen' 
beteiligt sind, steta nachzuprufen ist. 
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Weitgehende Klarheit iiber die Grundlage der verschiedenen 
Kreuzungsmoglichkeiten erbrachte die cytologische Untersuchung ; es 
ergab sich namlich die folgende polyploide Reihe aus den Unter- 


suchungen Scheerers: 

n 

2n 

V. prostrata Ungarn 

8 

16 

V. ,, Schwaben 

16 

32 

V. austriaca ssp. dentata 

24 

48 

,, ,, ssp. Jacquini 

^ ' 

48 

,, ,, ssp,orbicidata 

— 

32 

,, ,, Teucrium ssp, pseudochamaedrys 

— 

64 


Werden die cytologischen Ergebnisse mit den experimentell fest- 
gestellten Kreuzungsmoglichkeiten verglichen, so zeigt sich, da6 nur 
diejenigen Formen normal kreuzbar sind, welche gleiche Chromo- 
somenzahleri aufweisen. Bei den Kreuzungen zwischen verschieden- 
chromosomigen Eltern konnen ausnahmsweise vereinzelte Samen an- 
gesetzt werden, bislang zudem autfallenderweise nur bei denjenigen 
mit hoherchromosomigem Elter als Mutter. Die Regel geht soweit, 
da6 aus der Kreuzbarkeit bezw. Nichtkreuzbarkeit weitgehend auf 
.die Chromosomenzahl geschlossen werden kann. 

Auf die Feststellungen der Chromosomenzahlen in dieser Gruppe 
durch Huber (1927) und Simonet (1934) , die von den von Scheerer 
gewonnenen Ergebnissen nicht abweichen, sei nur verwiesen. 

In den iibrigen zur Sektion Chamaedrys gehorigen Gruppen 
fehlen genetische Untersuchungen noch vollstandig, wiewohl sie z.B. 
innerhalb der so iiberaus vielformigen Gruppe Orientalis (vgl. Riek 
1935) sehr viel Wesentliches versprechen. In der Gruppe Mulfciflora 
stellte Gottsghick (unverofftl.) die Zahlen 8 und 16 fest, Nach 
Simonet (1934) finden sich bei V, officinaUs 2n = 34-36, Chamaedrys 
n = 16, TYiontama n = 9, also die Grundzahl 8 oder die, von ihr ab- 
geleitete Zahl 9. 

Von besonderem Interesse erschiene auch die Klarstellung der 
chromosomalen Verhaltnisse von V. javanica Bl., die ich als Ubiquist 
tropischer und subtropischer Gebirge feststellen konnte, die aber in 
ihrer systematischen Stellung noch sehr umstritten ist (L. 1912). 

Die Gruppe Beccabunga wurde von meinem Schuler Schlenker 
(1936 a, b) im hiesigen Institut herbarkritisch, pflanzengeographisch, 
genetisch wie cytologisch aufs eingehendste untersucht. Auch in 
dieser Gruppe besteht grofie Pormenmannigfaltigkeit, die zu verwir- 
renden systematischen Verhaltnissen, zur Beschreibung vielfMtiger 
Kleinformen den Anlafi bot. Bei diesen Uferpflanzen bilden zunachst 
modifikatorische Einfliisse eine bedeutsame variationsbildende Ur- 
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sache. iZ.a. aber treten auch sehr zahlreiche, erblich fixierte Klein- 
arten auf. Durch die weitgehende Selbstfertilitat und die aiisgespro- 
cbene Kreuzimgssterilitat bei morphologisch nahestehenden Formen 
ist es mbglich, dafi die vielfaltigen Formen nebeneinander auftreten 
und sicb als solche erhalten konnen. Kreuzungen zwischen Klein- 
rassen derselben Art (F. AfiagalUs) , welche, wenn auch nicht voll 
fertile Bastarde ergeben, zeigen in der Fa eine verwirrende Mannig- 
faltigkeit der Aufspaltung, in welche nur mit Miihe mendelistische 
Grundlagen eingefiihrt werden konnen. 

Die Haploidgrundzahl der Gruppe ist 9, wobei Beccabunga, (ma~ 
galloides und oxycarpa die Zahl 9, AnagalUs, aquatica und americana 
die Zahl 18 aufweisen. (vgl. dazu Httber 1927, Simonet 1934) . Wel- 
cherlei Klarung die cytologische Forschung hier noch bringen kann, 
bleibt abzuwarten. Zweifellos aber spielen Faktormutationen bei der 
Variationsbildung in dieser Gruppe eine besondere Rolle. 

Fine fast imiibersehbare Formenmannigfaltigkeit bieten nun 
aber auch die vielfach durch tJbergange verbundenen, biotypenreichen 
Arten der Sektion P s e u d o 1 y s i m a c h i a. An ein Durchfinden 
durch diese zahllosen Formen Oder gar ein Abgrenzen und Erfassen 
derselben war bislang iiberhaupt noch nicht zu denken, trotz der un- 
zahligen Untersuchungen, die dieser Sektion gewidmet waren. Ich 
ging zunachst daran, durch Huber (1929) die geographische Ver- 
breitung der Hauptarten erfassen zu lassen, da ich ja bei anderen 
Gruppen hiermit mancherlei Erfolge gehabt hatte. Huber fand einmal 
vielfach sich iiberdeckende Grofiateale der Hauptarten (F. longifolia, 
S'picata, spuria, incana), neben mancherlei Arten mit beschrankten 
Verbreitiingsgebieten (F. KoTnarovii, pinnata, laeta, grandis, Bacho- 
feni, sajanensis u.a.). Eine Klarstellung der vielen Kleinarten war 
aber auf diesem Wege nicht zu erreichen. So libernahm Herr Harle 
die Aufgabe, die Gruppe herbarkritisch, pflanzengeographisch und 
weiterhin auch genetisch aufzuhellen. „Wie in wenigen Formen- 
kreisen“, sagt Harle, ,,wechseln hier die Auffassungen dariiber, wie- 
weit der Umfang der einzelnen Arten zu ziehen ist; — ^kleine Arten 
treten immer erneut hervor und werden wieder— wegen mangelnder 
scharfer Begrenzungsmoglichkeit — eingezogen. — Es hiesse das Spiel 
von neuem wiederholen, wollte man versuchen, allein durch herbar- 
kritische Untersuchungen zum Ziele zu kommen. Scharfsinnige Beo- 
bachter haben hier sehon ihr Mbglichstes versucht und sind dann doch 
von anderen nicht weniger scharfsinnigen Autoren widerlegt worden, 
-—Uhl in dieser Gruppe Klarheit zu schaffen, mufite man versuchen, 
alle Wege zu gehen, welche zu diesem Ziele zu fiihren versprachen. 
Vergleichende geographische Forschung, Kulturversuche, Kreuzungs- 
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studien und physiologische Untersuchungen mu6ten hier einsetzen, 
nachdem, das Herbarmaterial auf mbglichst umfangreicher Basis 
kritisch gesichtet war. Auf diese Weise wurde versucht, dem Ver- 
standnis der Formenmannigfaltigkeit in der Sektion Pseudolysi- 
machia naher zu kommen“. 

Und so hat Harle die Gruppe auf all diesen verschiedenen Ge- 
bieten mustergiiltig untersucht. Besonders wesentlich war es, dafi 
diesen Untersuchungen zu einem groben Teil nicht Gartenmaterialien 
zu Grunde gelegt werden mufiten, sondern solche von den natiirlichen 
Standorten beschatft werden konnten. Diese wurden von Harle 
entweder selbst, auch von feme, herbeigeschafft, oder von Kollegen 
freundlichst vermittelt. 

Als Grundlage der Untersuchungen diente eine sehr eingehende 
Behandlung und Umschreibung der Grundarten mit ihren Formen- 
kreisen. Bei der experimentellen Bearbeitung ergab sich aber 
zunachst, dafi die meisten der untersuchten Formen dieser Sektion 
bei Selbstbestaubung mehr oder weniger weitgehende Inzuchtreduk- 
tion aufwiesen, die sich in schlechtem Samenansatz und langsamem 
Wachstum der aus diesen erzogenen Pflanzen ausdriickt. Die Bastarde 
dagegen erwiesen sich, soferne sie herstellbar waren, sowohl in 
ihrem Wachstum, als in ihrer Fertilitat, besonders kraftig, auch den 
reinen Arten gegeniiber. Hbchst bedeutsam war aber, dafi, wie 
in dieser Gruppe zuerst festgestellt wurde, die Kreuzungsmoglich- 
keit zwischen den einzelnen Arten eine sehr verschiedene war, und 
dafi sich samtliche Arten in zwei Gruppen einteilen liefien, deren 
Angehorige unter sich kreuzbar, aber mit denen der anderen Gruppe 
nicht kreuzbar waren. 

Die beiden Gruppen sind die folgenden: 


1. y. longifoUa 
V. spicata 
V. crassifoUa 
V. incana 


2. V. spuria 
V. foliosa 
V. Bachofeni 
V. maritima 
V. orchidea 

V. spicataSi (bzw. V. euxina) 
V. Barrelieri. 


Die F 2 erwies sich bei den meisten Bastarden auffallig konstant 
und von der Fi nicht unterschieden. In einzelnen Fallen traten rezi- 
proke Verschiedenheiten auf, auf die wir noch zuriickkommen. Dafi 
unter den oben geschilderten Verhaltnissen die Bastardierung an der 
Hervorbringung der Kleinformen einen grofien Anted hat, ist nicht 
zu bezweifeln und durch Harle’s Untersuchungen in vielen Einzel- 
fallen belegt. 
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Aber auch hier wieder konnten erst die chromosomalen Studien 
befriedigende Klarung der Ergebiiisse in verscMedenen Richtungen 
erbringen. In Linermiidlicber Sorgfalt hat Fraiilein Graze (1932) 
die Chromosomenzahlen von iiberaus zahlreichen Arten der .Sektion 
studiert. Es konnten Arten mit n = 17 und n = 34 festgestellt 
werden. Und nun wurde der Grund der verschiedenen Kreuzungs- 
moglichkeit klar: Leicht kreuzbar waren die Arten bzw. Formen 
mit gleichen Chromosomenzahlen, nicht oder schwer kreuzbar die mit 
verschiedenen Chromosomenzahlen. 

Daneben aber ergab sich eine weitere, besonders interessante 
Tatsache; bei der Untersuchimg einiger Varietaten von 7. longifolm 
wurden in den Pollenmutterzellen neben 32 gleichgrofien Bivalenten 
zwei Gemini von besonderer Grbfie beobachtet. Es war danach an- 
zunehmen, dal3 34 Chromosomen durch Verschmelzung von zwei Ein- 
heiten zustandegekommen waren. Entsprechendes wurde in weiteren 
Fallen, wie auch bei 17 chromosomigen Formen (7. maripima u.a.) 
festgestellt, wo dann jeweils das 17. Chromosom sich grofier zeigte 
und aus zwei Einheiten hervorgegangen sein diirfte. Diese Annahme 
fand eine Stiitze dadurch, dab Graze (1935) unter einer Kultur von 
7, longifolm auch eine Pflanze mit 36 gleich grofien Chromosomen 
feststellen konnte. Die Grundzahl 17 mochten wir uns daher in 
dieser Sektion auf Grund ihrer Stellung in der Gesamtgattung und 
im Hinblick auf die besonders bei Formen der 7. maritima. und 7. 
longifolm beobachteten grofien Chromosomen durch Chromosomen- 
verschmelzung aus 18-chromosomigen Typen entstanden denken. Die 
eigentliche Grundzahl in dieser Sektion ware somit wohl 9, die ihrer- 
seits aus dem Zerfall eines Chromosoms der Grundzahl 8 der Gattung 
hervorgegangen ware. 

Von den ubrigen Ergebnissen ist weiterhin von Interesse, dafi 
aus der Kreuzung verschiedenchromosomiger Formen teils fertile, 
teils sterile Bastardpflanzen erhalten wurden. Dabei erwiesen sich 
die fertilen Pflanzen entgegen -der Erwartung als tetraploid, 
die s t e r i 1 e n dagegen als t r i p 1 o i d. Beziiglich der Reduktions- 
teilung wurden in den Pollenmutterzellen der triploiden Bastarde, die 
auch sohst bei Triploiden gefundenen Besonderheiten beobachtet 
(Trivalente, Univalente, Restitutionskerne usw.), wahrend sich die 
Reduktionsteilung der fertilen tetraploiden Bastarde in der gleichen 
Weise wie bei den tetraploiden Elternformen darstellte. 

Von ziichterischem Interesse zeigte sich dann noch das Folgende: 
Hinsichtlich des Kreuzungserfolges war es nicht gleichgtiltig, ob die 
hoher- oder niederchromosomige Form als Mutterpflanze verwendet 
wurde. Wie : auch bei vielen anderen Pflanzengattungen fielen die 
Kreiizungsergebnisse mit niederchromosomigen Mutterpflanzen im all- 
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gemeinen giinstiger aus. Die fertilen, also tetraploiden Bastarde 
warden meist aus der Verbindung (17 x 34) erhalten, wahrend aus 
der Kreuzung (34 x 17) in der Regel sterile, also triploide Pflanzen 
hervorgingen. 

Die Gesamtresultate aus den verschiedenen Kreuzungen lassen 
dies deutlich erkennen ; von 36 erbaltenen Bastarden aus der Ver- 
bindung (17 x: 34) waren 4 triploid und 32 tetraploid, wogegen rezi- 
prok (34 x 17) sich von 18 Bastardpflanzen 17 als triploid und 1 
Pfianze als tetraploid erwiesen. Das haufige Vorkommen von Tetra- 
ploiden in der Richtung der niederchromosomigen Form als Mutter- 
pflanze im Vergleich zu den triploiden Pflanzen versucMen wir in 
Verbindung mit der Literatur aiif die verschiedene Lebensfahigkeit 
der triploiden und tetraploiden Zygoten zuriickzufiihren. 

Von der in zwei weitgetrennten Verbreitimgsgebieten auftreten- 
den Sektion Leptandra, deren Verbreitungsverhaltnisse Huber 
(1929) kartographisch erfaflte, stellte dieselbe Autorin bei V, 
virginica^ die Chromosomenzahl n = 17 test. 

Fine ganz andere Grundzahl kommt aber der ja auch, in alien 
morphologischen Eigentiimlichkeiten wie in itirer geographischen 
Verbreitung eine vollige Sonderstellung in der Gattung einnehmenden 
Sektion Hebe zu. Umfassende Untersuchungen warden hier von 
SiMONET (1934) , durcbgefiihrt, der fiir Hebe die Grundzahl 20 sicher- 
stellte. Wir geben die folgende tibersicht : 

n = 20 bei : V. Gaunteeltii, V. Mdtheivsii, V. parviflora, V. 

pimeloides, y. salicifolia, y. speciosa. 
n = 40: V. huxifoUa 

n = 60: V. Traversii 

n = 21 : V. Hutkeana. 

Daneben ergab sich nach Huber (1927) fiir V. diosmifolm die 
Zahl 2n = 24. 

Es tritt also die Grundzahl 20 hauflg auf, auf welcher sich dann 
eine polyploide Reihe aufbaut, Daneben aber kommen offenbar auch 
abgeleitete. Zahlen vor. Man wird, ehe hier weitere Schlusse gezogen 
werden konnen, abwarten miissen, bis noch eine gr5fi ere Artenzahl 
dieser umfangreichen Sektion chromosomal durchforscht sein wird. 

Natiirlich blieb das Ziel meiner Arbeit die zusammenfassende 
Behandlung der Gattung Veronica. Da mich aber selbst so vielerlei 
Einzelprobleme beschaftigten, so habe ich meinen Schuler Rompp 
(1928) veranlafit, eine Vorarbeit zu dieser Systematik der Gesamt- 
gattung durchzufuhren. Ich glaube, diese Vorarbeit ist so weit- 
schichtig und gliicklich gelungen, dafi sie no-ch auf lange hinaus 
als Grundlage fiir vielerlei Untersuchungen innerhalb der Gattung 
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dienen kann, wie sie als solche fiir alle Arbeiten im hiesigen Institut 
seit Erscheinen gedient hat. Mancherlei anatomische Untersuchimgen 
Sind seither als Erganzung durchgefiihrt worden. Es sei hier nur an 
die Arbeiten iiber die Endospermhaustorien der Gattung von 
Gscheidle (1924) und Weiss (1932) erinnert. Immer weiter aber 
mussen die systematiscben, pflanzengeographischen, histologischen 
Gesamtergebnisse mit den cytologisch-genetischen in Verbindung 
gebracht werden. Das wird aber in befriedigender Weise nur auf 
Grund sehr eingehender, neuer vergleichender Betrachtung moglich 
sein. Die Feststellung der verschiedenen Grundzahlen und der auf 
ilinen sich aufbauenden polyploiden Reihen oder abgeleiteten Chro- 
mosomenzahlen werden die dauernde Grundlage fiir all die weiteren 
Studien abgeben. 
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Studies on the Male Gametophyte in Angiosperms, If, Differen- 
tiation and behaviour of the vegetative and generative 
elements in the pollen grains of Cnmm^\ ^ 

. . By 

Mobuhide Suita 

■ Tokyo Imperiar University 

(With one plate and 16 text-figures) 

. According- to- the majority of the recent investigators, the trans- 
formation of the vegetative nucleus in the course of the microspore 
■ development is a sort of degeneration or disintegration (4, 8, 10, 11, 
12-, 13, etc.). The question whether the vegetative nucleus plays a 
part in the development of the pollen tube, however, still remains 
unsettled for lack of experimental studies (cf. 8, 10, 13, 17). The 
question of the existence, origin and nature of the cytoplasmic sheath 
around the generative nucleus has long been discussed by many in- 
vestigators, but most of them studied only with fixed materials. It 
. is quite necessary, however, to make observations on both living and 
fixed materials for the study of this sort of problem, 

The present paper deals with the problems of the transforma- 
tion of the vegetative nucleus and the origin and nature of the cyto- 
plasmic sheath in certain species of Crinum which have been in- 
vestigated in the living or fixed state. , : : 

Materials and methods 

CriniLm asiaticiim, L. var. japonicum, Bak., C. latifolmm, L., C. 
gigcLS, Nakai, C. lineare, L. fil. and two other forms were used in the 
present study, of which the first two were the most frequently em- 
ployed. Anthers of C. asiaticum, var. ja/ponicimi were collected and 
studied in the Misaki Marine Biological Station of the Tokyo 
Imperial University, while those of the other species were collected 
from those plants cultivated in the ‘ Koisikawa Botanic Garden of 
the Tokyo Imperial University. 

Living materials were observed in the following manner : pollen 
grains, together with the mucilage, are taken out of the anther and 
quickly put into a drop of liquid paraffin on a hollow slide and gently 
covered. When it was necessary, the preparations were kept during 
period of observation in a moist atmosphere under the microscope. 
Sometimes glycerin or 1-2% sugar solution was also employed. 

1) Contributions from tbe Divisions of Plant-Morphology and of Genetics, 
Botanical Institute, Faculty of Science, Tokyo Imperial University, No. 186. 
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For the fixation and staining of the pollen grains, the aceto- 
carmine method was most suitable. But the paratfin section method 
and the smear method were also employed to compare the staining 
reactions of the generative and vegetative elements. They were 
fixed, in Kaiser’s, Lenoir’s or chrom-acetic solutions and stained with 
haematoxylin or gentian violet. 

To apply Feulgen’s nucleal-reaction, materials were preliminarily 
fixed in Kaiser’s solution (corrosive sublimate and acetic acid in 
water) or the ‘‘nucleal-fixative” (corrosive sublimate 5 gr, and acetic , 
acid 3 c.c. in 30%. alcohol 150 c.c.), both of which gave satisfactory 
results. The fixed materials were hydrolysed in 1 N hydrochloric, 
acid for 5-15 minutes at 60°C and immersed in fuchsin-sulphurous 
acid for 2-3 hours, and washed in sulphurous acid, then in running 
water. 

All the photomicrographs (plate 34) were taken by a simple 
camera devised by the writer. Special techniques will be described 
later in each case. 

General description of the microspore development 

The walls of the pollen tetrad are formed successively and the 
arrangement of four cells in each tetrad is of various types. At a 
later stage, the one-nucleate young microspores separate from each 
other and become independent cells in the anther mucilage. The 
young microspore has a characteristically sculptured exine, the 
orientation of which gives a definite external form to the microspore 
(pollen grain). The long axis of the pollen grain agrees with the 
direction across the centres of both sides of the exine. The long dia- 
meter of the cell is 30-40 y at this stage when measured in aceto- 
carmine preparations. In the course of the development described 
above, the enlargement of the pollen grain is accompanied by an 
increase of the nuclear substance, but not of the cytoplasm to the 
same extent, consequently the cell becomes vacuolate at this stage 
(text-fig. 1). 

The primary pollen nucleus then occupies a definite position, i.e. 
the central region of one half of the pollen grain. When the pollen 
grain reaches 45-50 y in diameter, the nucleus begins to divide there, 
its axis being either perpendicular to the long axis or along the short 
axis of the grain. As to the nuclear division in the pollen grain, two 
facts are noted: 1) Divisions in pollen grains of one and the same 
anther' occur not simultaneously but quite irregularly, the feature 
being contrary to that in the case of the reduction division in pollen 
mother cells. 2) The direction of the division is almost invariable 
and the spindle is always oriented along the short axis .of the pollen 
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grain in the normal condition. But this polarity can be disturbed 
by artificial treatments, on which the writer will report in future. 

The course of this nuclear division is almost the same as that 
which takes place in other somatic cells. In the prophase, the nucleus 
is enlarged to occupy the half of the cell, and contains a large 
nucleolus throughout this stage, which often remains until the meta-. 
phase begins (text-fig. 9). As the division takes place in the half 
of the cell, one end of the spindle comes in contact with the intine 
and the other lies free in the cytosome. In this stage, the cell tends 
to become vacuolate in a marked degree, with occasional formation 
of a few large vacuoles. In extreme cases, two large vacuoles develop 
on both sides of the spindle and a cytoplasmic cylinder which involves 
the mitotic figure is left in the middle of the cell (pi, 34, fig. 6).- 
These vacuoles, however, disappear sooner or later after the nuclear 



Figs. 1-5. Pollen development observed in living materials of Crinuvi latifolium. 
l. One-nueleate young pollen grain. x800. 2. Young pollen grain after the 

primary microspore division. Granules in vegetative cytosome, still in Brownian 
motion. Partition wall surrounding generative cell, somewhat granular. x 800. 3. 
Base of partition wall, where it touches intine. Observed on the direction through 
short axis of pollen grain, xl330. 4. Pollen grain in a later stage, where generative 
cell separates from intine and vegetative nucleus begins to be transformed. In this 
figure, generative cell is drawn in its transverse section. x660. 5. Mature pollen 
grain. X 600. 1-4; in liquid paraffin ; 6, in 2% sugar solution. 
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division. Entering- into the anaphase, the daughter chromosomes 
diverge to the opposite poles of the spindle, and become crowded 
together in a compact mass. The chromosome-group closing up to 
the intine may sometimes remain somewhat loose so as to appear 
wider than the other group lying free in the cytosome (text-fig. 10) , 
but the total actual volume of the chromosomes in each group seems 
to be nearly equal. An unuequal distribution of the chromatic sub- 
stance between the two daughter nuclei as inferred by Geitler (6) 
does not seem to have taken place in the course of the nuclear divi- 
sion in Crinum, 

In the telophase, the formation of the partition wall is evident^ 
though a detailed observation on the process of its development has 
not yet been carried out. At the later stage, the partition wall comes 
in contact with the intine and encloses the daughter nucleus formed 
near the intine, including no granular cytoplasm but a small amount 









Figs. 6-11. The primary nuclear division in pollen grains of Crinum latifoUum, dealt 
with aceto-carmine. Details are omitted except fig. 10. xca. 800. 

of hyaloplasm (probably the phragmoplasm) as seen in text-fig. 12, 
Throughout the course of the division, from the prophase to the telo-r 
phase, many lipoid-like drops appear in the cytosome of the cell (text- 
fig- 10) . 

After the cytokinesis in the pollen grain has been finished, or 
previous to the passing of the nuclei into the resting stage in extreme 
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cases, a marked differentiation begins to take place between the two 
daughter nuclei. The nucleus formed near the intine becomes con- 
tracted and retains an intense staining-power, while the other nucleus 
becomes enlarged, taking a certain liquid into^ itself and rapidly 
begins to lose its chromaticity. The former becomes the generative 
nucleus which divides in the pollen tube to form two male nuclei, and 
the latter the inactive pollen tube nucleus or vegetative nucleus. The 
generative nucleus, being like a convex lens in, form, lies close to the 
intine and is enclosed by the thin membrane to: give rise to the 
generative cell including a small amount of hyaloplasm. This condi- 
tion persists for a considerable length of time. The vegetative nucleus 
increases more and more in size by the intake of a certain liquid, 
and at the same time the chromatic substance which shows a stronger 
refraction-power in living materials gradually diminishes and finally 
disappears. At the same time, the nucleus increases in size and be- 
comes vacuolate. At this stage, the vegetative nucleus is a large 
hyaline sphere of lower refractability, involving a large vacuolate 
nucleolus in the centre (pi. 34, fig. 10) , and no longer distinguishable 
from the vegetative cytosome by means of its staining reaction for 
aceto-carmine, though it is quite easily distinguishable in living 
materials owing to the violent Brownian motion of the granules in 
the cytosome. The proportion of the diameters of the pollen grain 
(in this case the short diameter) , the vegetative nucleus, the nucleolus 
of the vegetative nucleus and the generative nucleus is approximately 
7:3. 5:1. 5:1. This condition is reached in 20-30 hours after the 
primary microspore division and persists for a considerable length 
of time. The size of the pollen grain has now reached 55-60 fi in its 
longer diameter. 

As the pollen grains develop and increase in size, the anther loses 
its mucilage and becomes gradually dessicated, and the cytoplasm 
of the pollen grains gradually becomes gelatinized. When the pollen 
grain reaches 70-75 /n in diameter, the generative cell separates from 
the intine of the pollen grain and becomes a little elongated, while 
the vegetative nucleus begins to become transformed (text-fig. 4). 
The pollen grain which has come to maturity is 80-85 u in its long 
diameter When measured in aceto-carmine, and is full of coarse 
granules which are probably reserve materials. The generative 
nucleus in the mature pollen grain is ellipsoid and surrounded by the 
cytoplasmic sheath, thus forming the spindle shaped- generative cell 
(text-fig. 5). A cataphoretic experiment shows the electric charge 
of the exine of the mature pollen grain to be negative in a sugar solu- 
tion of pH 7 or thereabouts. 

The haploid chromosome number is counted as 11 in the primary 
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microspore division in C. asiaticum, var. japonicum, C. gigas and C. 
lati folium. The diploid number is 22. in the root tip cells of these 
species. 

Degeneration of the vegetative nucleus 

As described in the foregoing, the vegetative nucleus begins to 
increase greatly in size soon after the primary microspore division* 
This enlargement takes place generally in the resting stage, accom- 
panying the scattering of the granular masses of chromatin as well 
as the diminution of the staining-capacity of the nucleus as a whole. 
In some cases, such loosening of the chromosome-mass begins so 
early in the telophase that the resting stage is omitted in the course 
of this transformation. In such cases, the chromatic strings are 
loosely distributed in the nuclear sap, which seems to show a partial 
dissolution of the strings. This fact seems to indicate that the en- 
largement of the vegetative nucleus has been caused not only by a 
strong swelling of the nuclear colloid, but also by other physical and 
chemical changes of the nuclear substance. 

In a later stage, where the chromatic substance has entirely dis^ 
appeared and the nucleus has increased greatly in size, a menibfane- 
like layer draws a distinct line between the vegetative. cytosohie and 
the vegetative nucleus. This state of the nucleus is compared with 
a drop of oil lying in water. This nucleus, a hyaline sphere of a 
lower refractability, is indistinguishable from the. cytosome from the 
point of view of staining-capacity with aceto-carmine, showing that 
the nucleus may have no ‘'chromatic substance”, yet. Being fixed 
in chrom-acetic acid and stained with haematoxylin, it shows itself: 
as a vague sphere stained only a little more intensely than the cyto-^ 
some (pi. 34, fig. 1). By Feulgen’s nucleal-reaction it is homo- 
geneously stained a weak reddish-violet as the writer already reported 
(15). The intensity of this staining seems to diminish gradually as 
the pollen develops. These facts may allow the conclusion that the 
thymus nucleic acid contained in the chromosomes has dissolved 
and diffused homogeneously into the nuclear sap and that the dis^ 
solved thymus nucleic acid (or its decomposition-product) is gradually 
decomposed into other compounds from which no aldose can be 
obtained by hydrolysis. 

It is to be questioned how such a change has taken place only 
in the vegetative nucleus, while not in the generative nucleus. This 
phenomenon may reasonably be ascribed to a chain of fermentative 
actions. The fermepts, such as protease and nuclease, will possibly 
dissolve the nuclear substance when the vegetative nucleus stands 
under conditions permitting the action of the ferments. The 
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possibility of the existence (or production) of such ferments in the 
pollen grain has been experimentally proved in the species of Crinum 
concerned. The experiment has been carried on as follows: a young- 
inflorescence was cut from the, mian flower-stalk at the joint and 
kept in a moist and air-tight chamber for 6-7 days. The micro- 
spores remained alive for 3-4 days in this condition. After 6-7 days, 
all the nuclei, the primary pollen-nucleus and the vegetative and the 
generative nuclei, became decomposed in various degrees. One 
nucleus decomposed and partially changed to lipoid-substances, 
another nucleus nearly disappeared and another entirely disappeared, 
so that the pollen-cells came to contain a number of lipoid-drops 
which were intensely stained by Sudan III (text-fig. 13). These 
remnants of the nuclear elements were no longer positive to Feulgen’s 
reaction. Such changes can be ascribed only to fermental actions. 
Although these changes are not strictly the same as those of the 
vegetative nuclei in the course of the normal development of the 
pollen grain, it is not incredible that the above mentioned ferments are 
present from the beginning or newly produced in the pollen grains 
of Cnmw-species. 

While the changes in the vegetative nucleus seem due to 
fermentative actions, there remains the fundamental question as to 
why the generative nucleus has been left undecomposed. The visible 
differences between the conditions of both nuclei can be seen at first 
in the conditions of the two poles of the spindle and then in the be- 
haviour of the cell-plate in the primary microspore division, as well 
as in the nature of the cytoplasm which comes in contact with each 
nucleus. These differences seem to have brought about abnormal 
conditions only to the vegetative nucleus but not to the generative 
nucleus. 

Probably by the process of gradual dehydration, the enlarged 
vegetative nucleus is transformed at first as seen in text-fig. 14, and 
then intO' an amoeboid shape at the stage of the pollen-maturation. 
Accordingly, its volume gradually diminishes in the process of the 
transformation, accompanying the greater diminution of the volume 
of the nucleolus. The amoeboid nucleus is still hyaline, and indis- 
tinguishable from the cytosome by the aceto-carmine method. Being 
fixed in the solution of picric acid and formalin and stained with 
haematoxylin, it is still amoeboid in form aild is stained homo- 
geneously and somewhat darker than the cytosome (pi. 34, fig. 2) , 
It is stained only so faintly by Feulgen’s method that it is difficult 
to determine its definite form by this method (pi. 34, fig. 4). This 
degrep of intensity of the staining persists almost invariably*, although 
staining seems to be a 'little stronger in some cases, up till the time 
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the generative nucleus divides in the pollen tube to form two male 
nuclei, or later on. It shows that the chemical component of the 
vegetative nucleus, thymus nucleic acid or its decomposition-product, 
which can be hydrolysed into aldose and other compounds, has 
changed to certain other compounds in the course of the pollen deve- 
lopment, but a small amount of it has been left unchanged throughout 
the life of the microgametophyte. The amoeboid shape of the nucleus 
in a mature pollen grain cannot be easily changed by immersing the 







Figs. 12-14. 12. Successive observation of cytokinesis in living pollen grain of Crinum 
latifoUum. The material was in an abnormal condition, which brought an irregu arity 
to the direction of the division, a. Partition wall is formed, x 960. b. One hour later. 
X960, c. 18 hours later. x880. 13. Artificial decomposition of nuclear substance in 
young pollen grains of Crinum latifoUum. Descriptions in text. a. Dealt with aceto- 
carmine. b. Dealt with Sudan III. x 800. 14. Generative cell, which became sepa- 
i rated from intine, xca.800. 
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pollen grain in 2% sugar solution or 50% acetic acid. But in n strong 
electric current, the nucleus diffuses away and disappears except for 
the nucleolus, while the generative nucleus becomes coagulated, 
retaining its characteristic shape. 

These facts seem to indicate that the enlargement and hyaliniza-i 
tion of the vegetative nucleus are not only due to simple swelling of 
the nucleus but also to the chemical decomposition and irreversible 
dissolution which accompanies further physical changes. This is 
possibly an abnormal change for a nucleus, and may be designated 
as “degeneration”. It is questionable, however, whether or not such 
a “degenerate” nucleus plays any part in the life of the pollen tube, 
A definite conclusion cannot be given until critical experiments are 
conducted. on this problem. 



The generative nucleus and its cytoplasmic sheath 

After the primary microspore division, the generative cell is 
enclosed by a thin membrane, which is at first apparently thin and 
uniform in structure, but, in a later stage, it seems to become some- 
what granular.. The membrane forms a circle at the base where it 
touches the intine of the pollen cell, which is much thicker on one 

side than on the 

^ ^ other (text-fig. 3) . 

Being treated with 
45 % acetic acid 
(in aceto-carmine), 
the membrane 
swells in a marked 
degree as shown 
in text-fig. 15. 

That the cyto- 
plasm in the gene- 
rative cell is hya- 
line and contains 
no granules, is 
evidently recogniz- 
able not only in 
the course of the 

cytokinesis but also in the state of the complete cell. Considering 
the features of the cytokinesis as shgwn in, text-fig, 12, the generative 
cytoplasm appears to have been derived from the phragmoplast. 

In a mature pollen grain, the generative nucleus is surrounded 
by the characteristic sheath of cytoplasm and the substantial mem-; 
brane is no longer present around the cell. This sheath contains a 


•:„ooqocD% 
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Fig. 15. Apparent swelling and fusion of partition wall 
treated with aceto-carmine. a. Immediately after the 
treatment, b. One hour after the treatment, c, d. Gra- 
nular structures fused to form a homogeneous wall which 
gradually swells from c to d in 30 minutes. xl330. 
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number of lipoid-like granules which are distributed in a spindle- 
shape in the hyaloplasmic medium, but still contains no fine-granules 
such as are found in the vegetative cytosome. These granules are seen 
lightly yellowish in living materials and seem to be lipoid-droplets 
though they have not shown a distinct positive reaction to Sudan III 
in the present experiment. They are entirely negative to Peulgen’s 
nucleal-reaction. Under the action of acetic acid these granules swell 
and fuse, so that the cytoplasmic sheath becomes enlarged and 
apparently homogeneous (text-fig. 16) . . 

It is an in- 
teresting question 
as to what source 
these lipoid-like 
granules have been 
derived from. In 
the early stages of 
the pollen develop- 
ment, the genera- 
tive nucleus is sur- 
rounded by the 
hyaline cytosome 
and the thin mem- 
brane. This con- 
dition lasts per- 
haps until the 
generative cell separates from the intine, but at this stage the 
membrane has already shown a granular structure and seems to be 
a chain of granules (text-fig. 2). In a later stage, the membrane 
disappears and lipoid-like granules appear. A detailed observation 
failed to disclose the transition between these stages, but the lipoid- 
like granules are supposed to have been derived from the material 
of the membrane or the hyaline cytoplasm. As regards the reaction 
to acetic acid, there is a close resemblance between the lipoid-like 
granules and the generative cell membrane. The origin of these 
granules, however, cannot be concluded by such a simple resemblance. 
The apparent expansion of these elements may be ascribed to the 
shrinkage of the cytoplasm. On the other hand, it is possible that 
lipoid-substances segregate from the ground substance of the hyaline 
cytoplasm, the origin of which is supposed to be in the phragmo- 
plasm (Shinke and Shigenaga, 1933, proved that the phragmoplast 
contained lipoid). Be the matter what it may, such a granules con- 
taining structure is’ believed to be a normal state in the completed 
cytoplasmic sheath, and not an artifact. 

Cytologia, Fuji! jub. vol., 1937 



Fig. 1 6 . Generative cell in mature pollen grain of Crinum 
latifolium. a, b. in living state ; a, transverse section, 
b, side view, c, d. Dealt with aceto-carmine. Lipoid-like 
granules are fused and become apparently expanded. 
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The generative nucleus is invariably stained intensely with 
ordinary staining-agents as well as by Feulgen’s reaction throughout 
the course of the development (pi. 34, figs. 1-4) . In a mature pollen 
grain, the generative nucleus seems to be in a prophase-like condi- 
tion. The nucleolus of the generative nucleus of the mature pollen 
grain is difficult to recognize, though its existence is clearly evident 
in the telophase of the primary microspore division (text-fig., 15; 
pi. 34, fig. 7) . 

Discussion and conclusion 

The changes in the vegetative nucleus in the course of the pollen 
development are quite remarkable and entirely different from the 
state during the resting stage. It can be considered as an abnormal 
condition for a nucleus. These changes, at least in the investigated 
species oi Ctinum, are not caused by a normal action of the cytoplasm 
resulting in an increase of the nuclear substance, but by a decompos- 
ing action on the chromatic substance in company with other related 
phenomena. These abnormal changes, especially the remarkable 
decrease of thymus nucleic acid which plays an important part in 
the process of respiration in the cell, are responsible for the assump- 
tion that the vegetative nucleus has become a degenerate element 
of lower vital activities as stated’ by the writer in the previous paper 
(15). , : 

■ In a recent paper, Geitler puts forward an assumption that the 
differentiation between the vegetative nucleus and the generative 
nucleus depends on the quantitative difference between the cytoplasm 
surrounding each nucleus, namely, on the quantitative difference in 
the cytoplasmic actions. It is obvious, however, that Geitler’s asr 
sumption cannot be applied to the case of Crinum, when the above 
mentioned nature of the change in the vegetative nucleus is con- 
sidered, together with the qualitative difference between the vege- 
tative cytoplasm and the generative cytoplasm. The differentiation 
between these two nuclei may be due to both quantitative and quali- 
tative differences in the surrounding conditions. One of these dif- 
ferences may be seen in the differential activity of ferments, i.e. the 
ferments decompose the substance of the vegetative nucleus while 
they are inactive in the generative nucleus. Such a remarkable 
change of the vegetative nucleus seems to imply “degeneration” of 
the nucleus rather than to imply positive acquirement of vital activity, 
Poddubnaja-Arnoldi (1936) described experiments on the nuclear- 
pollen-tubular relation by X-ray treatment which seemed to lead to 
the conclusion that no nuclei were needed for the life of the pollen 
tube. This conclusion seems somewhat incredible. On the other 
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hand, it may be probable as Wulff (1933) sugjgested that the vege- 
tative nucleus plays a part such as the production of ferments in 
the pollen tube. But concerning the problem as to whether or not 
it plays a part in the life of the pollen-tube, no definite conclusions 
can be drawn until exact experimental studies have been carried out. 

According to the recent investigators, the presence of the cyto- 
plasmic sheath surrounding the generative nucleus is evident in many 
species of angiosperms (2, 3, 4, 5, 7, 9, 17, 18, etc.), including Crinum 
in the present case. Although the nature of the sheath is not the 
same in all the species, most of them appear to be easily broken by 
the action of improper fixatives. Some of the descriptions that the 
nucleus was naked might have been based on such artifacts arising 
in fixation. The generative cell and the sperm cells of every species 
must be investigated not only in fixed materials but also in living 
materials. 


Summary 

1) The investigations of the pollen development in Crinum- 
species are reported with special reference to the behaviour of the 
vegetative nucleus and of the generative cell in their living or fixed 
state. 

2) The primary microspore division occurs invariably along 
the short diameter of the pollen grain, one end of the spindle being 
free in the cytosome and the other end close to the intine. The 
daughter nucleus formed on the free end of the spindle becomes the 
enlarged and inactive vegetative- nucleus, while the nucleus formed 
close to the intine becomes the generative nucleus and is enclosed 
by a thin wall to form the generative cell. When the pollen comes 
to maturity, the vegetative nucleus, being gradually dehydrated, be- 
comes amoeboid in form, while the generative cell is transformed 
into a spindle-shape and lies free in the vegetative cytosome. 

3) The vegetative nucleus begins to increase in size and to 
lose its chromaticity soon after the primary microspore division. 
About one day after the division, the nucleus becomes a homo- 
geneously hyaline sphere and is only faintly stained by Feulgen’s 
method. The chromatic substance in the vegetative nucleus seems 
to have dissolved and diffused homogeneously into the nuclear sap. In 
the mature pollen grain, the nucleus is amoeboid in shape and is 
stained by Feulgen’s method less than in the above mentioned state, 
showing a remarkable decrease of thymus nucleic acid. Considering 
the features mentioned above, the vegetative nucleus is supposed to 
be a degenerate element. 

4) The generative nucleus is intensely stained by ordinary 
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staining methods as well as by Feulgen’s at every stage of the 
pollen development. In the mature pollen grain the nucleus often 
appears to be in a prophase-like condition, being surrounded by the 
characteristic sheath of cytoplasm which consists of a hyaline 
medium and many lipoid-like granules. The origin of these consti- 
tuents of the generative cytosome has not yet been ascertained. 

5) The haploid chromosome number is 11 and the diploid 
number is 22 in all three plant forms: C. asiaticum, var. ja-ponicum, 
C. gigas and C. latifolium. 

The writer wishes to express his cordial thanks to Dr. Sinoto 
for his helpful suggestions and criticism throughout the course of 
this investigation. 

Division of Genetics, Botanical Institute, 
Faculty of Science, Tokyo Imp. University 
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Explanation of plate 34 

The photomicrographs were taken with Agfa-Isoehrom plates and a Wratten B 2 

filter. All the materials are the pollen grains of Crinumlati folium, g, generative 

nucleus and cell ; v, vegetative nucleus ; n, nucleolus; c, vacuole; w, partition wall. 

Fig. 1. Young pollen grain, where generative nucleus has just separated from 
intine. Fixed in chrom-acetic acid and stained with iron alum-haematoxylin. 
X770. 

Fig. 2. Mature pollen grain, fixed with a mixture of picric acid and formalin and 
stained with haematoxylin. x 650. 

Fig. 3. Young pollen grain after the primary microspore division, stained by 
Feulgen’s method. x770. 

Fig. 4. Mature pollen grain, stained by Feulgen’s method. x770. 

Fig. 6. Mature pollen grains in living state, x 540. 

Figs. 6-7. The primary microspore division. 6. Side view of metaphase. 7. Forma- 
tion of two daughter nuclei. Dealt with aceto-carmine. x660. 

Figs. 8-9. Cytokinesis of the primary microspore division. Drawn at text-fig. 12, a 
and b. X450. 

Fig. 10. Young pollen grain, considerably long after the primary microspore divi- 
sion. X 450. 
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The Behaviour of the Plaslid as a Hereditary Unit: 

The Theory of the Plastogene 

By 

Yoshitaka Imai 

Faculty of Agriculture, Tokyo Imperial University 

Introduction 

Since plastid originates from plastid by division, a plastid has 
its own individuality. The characteristics of the plastid are usually 
controlled by the genotype, or gene complex, by mutation of which 
a variant character appears and is transmitted as a Mendelian unit. 
The variant characteristics of the plastid do not depend upon its own 
trait, so that the property of the plastid, or plasmotype (Imai 1936b) , 
is normal. Generally speaking, the plasmotype of the plastid is highly 
constant, as is usually the case with the gene. The plastid, however, 
spontaneously changes its plasmotype by mutation, which process is 
called plastid mutation. The mutant plastid may propagate by re- 
peated division and distributes into cells. For example, white mutant 
plastids form in this way white tissues or patches in the leaves and 
other chlorophyllous organs, presenting variegation. Such a plastid 
character is inherited as non-Mendelian. 

Analogous to the mutable gene, the plastid sometimes mutates 
with recurrent frequency. I have divided this case into two classes, 
auto-mutation and exo-mutation, the former mutating by itself and 
the latter through the effect of a certain gene (Imai 1928, 1934b, 
1936a) . In my opinion, certain variegated forms of Oryza sativa 
studied by Japanese investigators are the result of recurrent auto- 
mutation of plastids. In Oryza, plastid mutation is either from un- 
stable green to stable white and stable green, or from unstable green 
to stable white. In Hordeum vulgare, an automutable yellowish 
plastid appeared by sporadic mutation from normal (Imai 1936c). 
In my view (Imai 1936a), Wince’s variegated form of Humulus 
japonica may be regarded as due to recurrent automutation of green 
and white plastids. Presumably, in this case, both green and white 
plastids are mutable to each other. For exomutable plastids, we can 
cite a number of cases (Imai 1928, 1934a, 1936a, 1936b) , which are 
grouped under two classes. In the one the plastid mutates from 
green to stable white, and in the other to unstable white. In stable 
white, the white variegation extended sometimes to cause the bud 
variation to be pure white, and the variegated plants gave albino 
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seedlings, although in some cases, either none or only a few such 
seedlings resulted through zygotic lethality of the albino embryos. 
In unstable white, the white variegation has green ticks or lobes, from 
which originate some green seedlings in the offspring. A large part 
of the chlorophyll variegation, according to my examination, are due 
to recurrent exomutation of plastids. Rarely, the mutated plastids 
do not revert to the prototypic green, but to yellow. 

The Plastid and the Plastogene 

Since in inheritance, a plastid behaves as a unit, and the mutant 
plastid maintains its new characteristic from cell to cell and from 
generation to generation without change or modification, unless new 
plastid mutation occurs, the plastid has something that is heritable or 
a factor that manifests the characteristic. A new term “plastogene” 
is given to this factor. The character of the plastid is manifested 
by the plastogene under the control of the gene complex. Generally 
the plastogene is highly constant, and sporadically changes its plasmo- 
type, giving a mutant plastid. The change in the plastogene of the 
plastid is due to mutation of the plastogene. In the mutable plastids, 
the plastogenes are unstable and plastid mutation occurs recurrently 
in one or more directions. Although we cannot see the plastogene 
under the microscope, it is supposed that plastid division is proceeded 
by division of the plastogene. Each plastid contains one plasto- 
gene, which, divides and enters the daughter plastids after plastid 
division. Since a plastid contains only one plastogene, the division 
is simple, that is direct. The plasmotype is also simple, no hetero- 
zygous condition of plastogenes occurs, but some cells may have 
mixed plastids of different plasmotypes, seeing that a cell contains 
a number of plastids in its cytoplasm. The nucleus is a receptacle 
for the chromosomes, which are strings of a number of chromo- 
meres. Each chromomere, therefore, is divided at nuclear division 
in order that the chromosomes may be allocated into equal parts. 
Mitosis is the total figure of direct divisions of the respective chromo- 
meres. 

In bacteria, no nucleus is formed, only scattered chromatins 
being found. The blue-green algae (Schizophyceae) are a bridge to 
the more complicated organisms in the evolution of chromatin struc- 
ture by exhibiting an “incipient nucleus”. The chromatin found in 
the Schizophyta is regarded as a primitive chromosome, probably an 
aggregate of a certain number of chromomeres. In this connection, 
I shall make bold to say that the plastid is developed from the com- 
mon body together with the chromatin. If this is admitted, the 
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unit of chromosome, or chromomere, corresponds to the plastid and 
the gene to the plastogene. In the course of evolution, some of the 
common bodies formed chromatins, enclosed in a nucleus, while others 
developed into plastids, left in the cytoplasm. Under the micro- 
scope, the plastid found in a mature cell is relatively a large body, 
whereas the proplastid found in a meristematic cell is very small 
in size, so that the plastid undergoes marked growth in its life history. 
The plastid may be build by a “nucleus” plastogene and the covering 
matrix plastophore. The growth in size is due to development of 
the plastophore, which contains pigments in the coloured plastids. In 
the salivary gland cells of some insects are found giant chromosomes, 
with lengths as much as from about 100 to 150 times that of the 
oogonia chromosomes, which indicates the possibility that the matrix 
of the chromosome swells up greatly in certain media. The relatively 
large body of the plastids, therefore, does not seem out of reason. 

The theory of the plastogene advanced above applies w^ell to the 
complex behaviour of the plastid mentioned in the beginning of this 
paper. In the following pages, further observations on the chloro- 
phyll variegation of some plants are described in connection with the 
application of this theory. 

Tropaeolum majus 

Variegation in Tropaeolum majm is transmitted as simple re- 
cessive to green (Rasmuson 1920 ; Correns 1920 ; Bateson, cited 
from Moffett 1936), the character being regarded as a “type” in 
inheritance. In my opinion, however, the variegation is not so 
simple in its manifestation, the mechanism lying in the recurrent 
mutation of plastids. The exomutation of plastids from green to 
greenish yellow is accompanied by recurrent reverse automutation 
of plastids. The exomutation is conditioned by a recessive gene, 
which produces variegation by bringing about plastogene mutation. 
The green tissues that occur in the yellowish mesophyll are usually 
small in size, forming green ticks, so that automutation of the yel- 
lowish plastogene seems to take place generally at late cell generation 
in the ontogeny of the leaf. The yellowish tissues may cover an 
entire leaf or even a branch, although usually remain to form the 
mottling in the leaf. Rarely, variegated plants were observed to bear 
all greenish yellow leaves in the course of developmnt. The yellowish 
parts have invariably green ticks. 

The variegated breeds true to type, giving uniform oif spring. 
The seedlings have cotyledons, which are variegated very slightly. 
The variegation is not apparent in the early developed leaves, it being 
gradually marked in the later leaves : the fourth or fifth leaf is fully 
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marked in the matter of variegation, presenting fine mottling 
(Fig. 1). Pollen and ovules are quite fertile and the production 
of seeds per capsule is also normal, as shown in Table 1. 


Fig. 1. Cotyledons (left two) and early developed leaves of the variegated Tropaeolum, 
taken from a seedling and arranged in the order of their development. 

The germination rate is also substantially the same, showing 
92 per cent in the variegated and 93 per cent in normal. These ex- 
periments were conducted in a greenhouse. The results gave negative 
proofs for the lethality of the yellowish gametes and zygotes. In 
these circumstances, I think that variegation is reduced to the pseudo- 
green condition at gametogenesis. At this stage, the exomutation 

Table 1. Seed production in TVopaeoZitm 


Character 
of plant 


Seed number per capsule 


Total of seeds 


Average seeds per 
capsule 


Variegated 

Green 


2.12 

2.12 


of the plastogene from green to yellowish seems to stop, and the 
yellowish plastids mutate with high frequency to green as the result 
of their automutability. There is nothing strange in this, seeing 
that plastid mutation is greatly influenced by environments, especially 
by the condition of the cell. 

The absence of recurrent mutation at gametogenesis has been 
already pointed out in Hordeum and Oryzd in connection with exo- 
mutation in the former and automutation in the latter. Non- 
mutability at gametogenesis in Tropaeolum is therefore not peculiar 



938 


Y. IMAI 


Cytologia, Fujii jub. vol. 


to this plant alone. The phenomenon of “retroversion” is observed 
also in the case of pseudo-mutation, as pointed out by Imai and 
Kanna (1927) in Amaranthus. 

With the theory of retroversion of the character at gameto- 
genesis, the problem of non-production of the yellowish seedlings is 
solved. Since retroversion in this case is partly conditioned by re- 
current automutation of the yellowish plastids, should they be unable 
to bring about automutation to green, we ought to expect some 
yellowish seedlings in the offspring. In the offspring of the white- 
variegated Hordeum, white seedlings appear in a fairly definite pro- 
portion, while no albino seedlings are produced in the progeny of the 
variegated form of Polygonum orientale. In both cases, variegation 
is the result of recessive genes, which change the plasmotype of the 
plastids from green to white, or in other words, exomutation of the 
plastogene takes place recurrently. In Poly gonum, albino embryos, 
however, fail to germinate because of zygotic lethality. Owing to 
non-automutability of the chlorophyll deficient plastids to green, 
retroversion of the character at gametogenesis is hindered, so that 
the result is albino embryos after fertilization. In the variegated 
Pelargonium, automutation of the plastids from albinotic to green is 
exhibited in some cases, in which small green ticks occur at times in 
the creamish tissues (Imai 1936b). The albino seedlings partially 
germinated in my experiments. Automutability, however, is not 
frequent in Pelargonium, so that retroversion of the character is not 
much in evidence, giving albino seedlings. Retroversion therefore 
seems to be completely accomplished in variegated forms, in which 
the frequency in the automutation of the plastogene is high. 

The embryos of the variegated Tropaeolum start from pseudo- 
green, and by recurrent exomutation of the green plastids, aided by 
the automutation of yellow plastids, the cotyledons and leaves are 
variegated. The frequency of exomutation, which is not high during 
early zygotic development, is increased later, although the extent to 
which it is done is greatly influenced by environments. The 
mechanism involved in the variegation of Tropaeolum is the same 
as that shown elsewhere (Imai 1936a, Figure 7B). 

The alternation of yellowish plastids to green is regarded as 
being due to automutation of the plastogene, and not to exomutation. 
Since the variant yellowish plastid is conditioned by the change in 
the plasmotype, its property is already beyond the control of the gene 
complex, whence mutation should occur automatically. In Pelargo- 
nium, white plastids with automutability are also held in the green 
plants, when the plastids are introduced by crossing, which proves 
that alternation of chlorophyll deficient plastids is not due to the 
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gene that stimulates exomutation of plastids, but to the property of 
the plastogene itself, that is, automutation. 


Polygonum virginianum var. filiforme 

The variegated form of Polygonum, virginianum var. filiforme 
has creamish white patches in the leaves, and green ticks occur in 
the creamish tissues (Fig. 2). The mechanism by which variega- 
tion occurs is the same as that of the variegated Tropaeolum: the 
creamish patches are due to recurrent exomutation of the plastogene 
from green to creamish, and the green ticks to the recurrent auto- 
mutation of the plastogene from creamish to green. 


Pig. 2. Variegated form of Polygonum virginianum y&v. filiforme. 

The variegated gave only 218 variegated seedlings, no albinos 
being observed. Retroversion at gametogenesis in connection with 
variegation seems to be also complete in this case. The seedlings 
generally start from apparently green, variegation appearing 
gradually in the leaves. Since the shoots from old stocks also are 
nearly green when young, retroversion seems to occur also at the 
meristematic cells of discontinuous growth. However, in 1935, one 
of the old variegated stocks produced permanent green branches, 
which, on selfing, revealed their heterozygosity by giving seedlings 
that segregated for green and variegated, judging from which the 
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variegated form of Polygonum seems to tend to revert to the green 
condition by gene mutation. Mutation here takes place from the 
gene “variegated”, which alters green plastids to creamish ones, to 
its normal allele. 

Pharbitis Nil 

The variegated form (Fig. 3) of the Japanese morning glory, 
Pharbitis Nil, is inherited as simple recessive, when the variegation 
is considered as a whole. The variegated breeds true to type, neither 
white nor green offspring being found. The cotyledons are sometimes 

variegated, and a few of the 
early leaves are usually slightly 
variegated. Variegation gra- 
dually becomes apparent with 
growth, at the end of which, 
however, the small ill-developed 
leaves assume heavy variegation. 

The range in the degree of 
variegation is considerable, in- 
cluding even green and white 
leaves. The green leaves, al- 
though very rare, may occur at 
the axilary branches. When a 
plant is pinched, the newly 
developed vigorous branches 
usually bear slightly variegated 
leaves by recovering its juvenes- 
cent growth. In Figure 4 are 
shown four leaves which exhibit 
variation in the extent of varie- 
gation, including a pure green. 
The production of green leaves 
is due to fluctuation. The white leaves, which also are very rare in 
occurrence, have usually green ticks. Figure 5 shows white and 
variegated leaves, the latter of which has large green-ticked white 
sectors. 

In my opinion, variegation of this plant is not simple, being 
conditioned by recurrent exomutation of green plastids and recur- 
rent automutation of white plastids. Through mutual changes, white 
variegation with green ticks occurs. Since manifestation of white 
variegation is due to the exomutation of plastids from green to 
white, the chances for mutation are greatly controlled by environ- 
ments, Roughly speaking, rich growth lessens its frequency, while 



Fig. 3. Variegated leaf of Pharbitis Nil, 
(Leaf form : dragonfly retracted). 
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poor growth increases it. In this plant, green-ticked white leaves 
are only rarely observed, and the white branchlets very rarely, not- 
withstanding that white variegation is so common that almost every 


Fig. 4. Leaves picked from a variegated plant of Pharbitis, exhibiting .'fluctuations 
in the extent of variegation, including a green leaf. (Leaf form ; dragonfly). 

leaf is mottled with white tissues. This limitation means that the 
exomutation of plastid does not usually occur at. the growing points 
of the stems and leaves. Since the Japanese morning glory is a 


Fig. 5. Leaves of Pharbitis ; the left two having large white sectors, the right one 
being white. Note small green ticks in the white parts. (Leaf form t maple). 

trihistogenic plant, white-over-green chimeras may be expected. In 
the variegated leaves, white patches occur side by side, some in the 
outer tissues, some in the inner tissues, and others in both tissues. 
In Figure 3, for example, the dark parts have green mesophyll, the 
light parts white outer and green inner tissues, and the white parts 


942 


Y. IMAI 


Cytologia, Fujii jub. vol. 


white mesophylL In the leaves that have developed at the end of 
the growth, however, we found some to be white-over-green peri- 



Fig. 6. Periclinal (left) and mosaic (right) leaves of Pharbitis. (Leaf form ; dragonfly). 


I 


clinal, although they are frequently found with more or less non- 
periclinal parts (Fig. 6). A close observation of leaves of varie- 
gated plants shows these periclinal leaves, although not frequent— 

a fact strongly 
supporting the 
view that white 
variegation is not 
a simple “type” 
as formerly sup- 
posed, but is con- 
ditioned by re- 
current exomuta- 
tion of the plasto- 
gene, induced by 
a recessive gene 
“variegated”. The 
white leaves or 
white parts of 
leaves have green 
ticks, which are 
regarded as the 
result of recurrent 


- i L O P 

V'’-- . V ; 



Wm 


Pig. 7. 


Variegated-reduced leaf of Pharbitis. 
normal). 


(Leaf form 
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automiitation of the plastogene. Thus, variegation is conditioned by 
two factors of reversible plastid mutations. The fact that the green 
tissues form generally small ticks indicates that the automutation 
occurs late in the cell generation of the leaf. 

Under these circumstances, we should expect white seedlings 
among the variegated offspring, but my experience during the last 
twenty years denies it. The pollen and ovules are quite fertile as 
in normal green, no lethal gametes having been found. Neither 
zygotic lethality is detected; the average proportion of seeds per 
capsule is substantially alike for green and variegated plants; the 
germination rate also does not differ. These observations force me 
to conclude that the absence of white seedlings is due to retroversion 
of the character at gametogenesis, whence the mechanism involved 
in Pharbitis is exactly the same as that in Tropaeolum. 

For variegation in Pharbitis, a modifier, variegated-reduced was 
found (Imai 1925), by means of which very finely mottled variega- 
tion (Fig. 7) occurs with the aid of the gene “variegated”. In the 
leaves, recurrent automutation of plastogene from whitish, to green 
occurs very frequently during late cell generation of the leaves, 
forming fine green speckles in the white tissues. The gene varie- 
gated-reduced modifies the rate of mutation and the time at which 
mutation occurs. With this exception, the mechanism of variega- 
tion is the same as that of ordinary variegation of this plant. 

Polygonum Blumei 

A variegated form of Polygonum Blumei exhibits white mottling 
in the leaves. In the leaves of the variegated plant, a wide range of 
variegation occurs from pure green to almost white with green ticks 
(Fig. 8) . Although the variation is concerned with the extent of 
variegation, it is confined to rather limited ranges. The significance 
in its variation is in the distribution of variegation, in other words, 
the degree of mosaic of the green and w’^hite parts. Roughly speak- 
ing, the leaves or the sectors of the leaves are grouped under t-wo 
classes, green (genetically pseudo-green) and variegated. Generally 
the borders of the mosaics are abrupt. The variegated form gives 
graded offspring according to the extent of variegation, as shown 
in Table 2. 

Besides variegated individuals, the offspring included apparently 
green ones which, however, were unstable. These plants, when 
cultivated with ample space will show variegation in their leaves. 
They, however, give equally variegated offspring as well. In the 
variegated offspring, a series graded with respect to the amount 
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of alternate distribution of green and variegated parts occurred, in- 
cluding whites with green ticks, which, however, grew poorly owing 
to the smaller amount of photosynthesis. 


Ili. 


Fig. 8. Variation in the variegated pedigree of Polygonum Blumei, including mosaics. 

The variegated individuals frequently bear mosaic leaves and 
branches, and green and variegated branches occur as bud variation. 

Table 2. Offspring of the variegated Polygonum 


Plant or branch 

Pseudo-green 
or almost green 

Slightly j 
variegated 

Variegated j 

Heavily 

variegated 

Total 

Pseudo-green 

20 

18.87% 

66 

! 62.26% 

16 

16.09% 

4 

3.77% 

106 

Slightly 

4 

38 

9 

4 

66 

variegated 

7.27% 

69.09% 

16.36% 

7.27% 


Variegated 

66 

24.78% 

120 

53.10% 

40 

17.70% 

10 

4.42% 

226 

Heavily 

14 

! 83 

29 

12 

138 

variegated 

10.14% 

j 60.14% 

21.01% 

8.70% 



A separate observation of the oif springs from the green and 
variegated branches of the same plant are given in Table 3. 

Although the results show some differences, they do not seem 
important. As to the mechanism of variegation in this plant, my 
opinion is as follows: Since crossing experiments have not been 
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made, it cannot be decided whether alternation of the plastogene 
involved in the present case is due to automutation or to exomuta- 


Table 3. Offspring of green and variegated branches 


Branch 

Pseudo-green 
or almost green 

Slightly 

variegated 

Variegated 

Heavily 

variegated 

Total 

Pseudo-green 

18 

25.00% 

43 

m.w 

7 

9.72% 

4 

6.56% 

72 

Heavily 

2 

24 

11 

2 

39 

variegated 

6.13% 

61,64% 

28.21% 

5.13% 

. 


tion. Most probably, there are three plastogenes to account for the 
mechanism of variegation, namely, 

1. Green-alpha: a plastogene is responsible for the green 
plastid, and having relatively low mutability, produces 
pseudo-green leaves. 

2. Green-beta : a plastogene is responsible for the green plastid, 
and having high mutability, produces white leaves with 
green ticks. 

3. White : a plastogene is responsible for the white plastid, and 
having high mutability, produces white leaves with green 
ticks. 

As stated above, it is not clear whether the cause of the change 
is due to the property of the plastogene itself (automutation) or to 
a special gene (exomutation). These plastogenes, however, seem to 
mutate reversibly with respect to each other, resulting in variation 
in the variegated pedigree, sometimes also exhibiting mosaics. The 
reversible mutation is influenced considerably by environments. 
Owing to the characteristics and the mutability of the respective 
plastogenes, three kinds of leaves result. The pseudo-green leaves 
have plastids containing green-alpha, which may change into either 
green-beta or white, the former mutation resulting in green and 
variegated mosaics and the latter in green and white (with green 
ticks) mosaics. The variegated leaves have plastids of both green 
and white as the result of high reverse mutation. The plastogene 
green-beta may also transform to green-alpha, by which mutation 
variegated and green mosaics are produced. 

The young seedlings are generally green or slightly variegated, 
showing that they start from the pseudo-green condition. In this 
case, retroversion of the character in connection with variegation 
seems to occur also at gametogenesis, due to absence of mutation from 
pseudo-green to variegated or white and to their frequent reverse 
mutation. Consequently, no albino or heavily variegated seedlings 
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occur, and the heavily variegated plants or branches give substantially 
the same offspring as the pseudo-green ones. 

In Polygonum Blumei, no periclinal leaves occur. I examined 
the species of Polygonum, together with P. orientale and P. virgi- 
nianum var. filiform^, but no periclinals for chlorophyll deficiency 
were observed. In Tropaeolum, the absence of periclinal leaves was 
also noted, so that among dicotyledons, these species may be regarded 
as dihistogenic plants. 

Conclusion 

Plastid mutation is regarded as a change in the plastogene con- 
tained in the plastid. The plastid propagates by direct division, 
preceded, presumably, by division of the plastogene. A plastid may 
correspond to the chromomere that is located in the chromosome. 
The mechanism of some chlorophyll variegations lies in the recur- 
rent auto- and exomutation of the plastogenes. Through plastogene 
mutation, variant plastids appear among otherwise homogeneous 
plastids of a cell, variegation being exhibited when they propagate 
into the cells. Anatomical examination of the variegated leaves 
reveals the fact that some cells contain mixed plastids of different 
plasmotypes. 

In the variegated forms, in which the rate of automutation of 
the plastid from white (or yellowish) to green is high, retroversion 
of the character in connection with variegation takes place, at 
gametogenesis, as the result of which no albino seedlings appear. 
All zygotes start from an apparently green condition, variegation 
gradually appearing in the leaves of the seedlings. Retroversion is 
conditioned by hindrance of plastogene mutation from green, to white 
and by increase in the frequency of its reverse mutation. Therefore 
the rate of plastogene mmtation is greatly influenced by the condi- 
tion of the cell. In meristematic cells, plastogene mutation is 
frequently hindered. Generally speaking, rich nourishment or re- 
juvenescence of tissues decreases the rate of such mutation. 

I take this opportunity of expressing my hearty thanks to the 
Hattori-Hokokai, whose grant enabled the present investigation. 
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. Zur Frage der serologischen Diflerenzierljarkeit 
, Mologischer Rassem 
: Von 

O. Moritz und H. L. Rohn 
Einleitung 

Die Verwendimg serologischer Methoden fiir die Zwecke der 
biologischen Verwandtschaftsforschung geht auf Uhlenhuth (1905) 
imd Nuttall (1904) zuriick. Die Ubertragung vom zoologischen 
Gebiet in das Gebiet der Botanik geschah durch Magnus and Frieden- 
THAL (1907), sowie durch die grofiangelegten Arbeiten Mez’ und 
seiner Schuler. Als allgemein anerkanntes Ergebnis der serologischen 
Verwandtschaftsforschung kann man den Satz aufstellen, dafi nahe 
verwandte Arten Gleichheiten hinsichtlich ihrer serologisch reak- 
tionsfahigen EiweiOkorper aufweisen, wahrend im allgemeinen sys- 
tematisch einander sehr fernstehende Arten keinerlei serologisch 
fafibare Eiweifigemeinschaft aufweisen (Ausnahmen: Eiweib der 
Augenlinse der Tiere) . Als problematisch mufi auch heute noch die 
Frage gelten, in welchem Mafie es gelingt, EiweilSgemeinschaften bei 
verwandten Pflanzenfamilien einer systematischen Reihe o der gar bei 
verschiedenen Reihen nachzuweisen. Die im hiesigen Institut erfolg- 
ten Nachuntersuchungen des MEZschen Stammbaumes ergaben jeden- 
falls bislang nur in sehr begrenztem Umfange derartige EiweiO- 
gemeinsamkeiten (Moritz: 1929 u. 1934a). Ein weiteres 
Problem ist die Frage, bis zu welchem Grade es gelingt, mit serolo- 
gischen Methoden bei sehr nahe verwandten Arten oder gar Rassen 
Eiweifi vers chi e den hei ten zu entdecken. Nach den bisherigen 
Ergebnissen der Arbeiten im hiesigen Institut versagt die serolo- 
gische Differenzierung schon haufig beim Versuch der Artunterschei- 
dung, ja der Unterscheidung von Gattungen. So konnten z.B. bislang 
Eiweifiunterschiede zwischen Raphanus and Brassica nicht fest- 
gestellt werden (Moritz: 1934b). Auch in vielen anderen Fallen 
versagte die Methode noch, obgleich andererseits manche Unter- 
schiede genau erkannt und beschrieben werden konnten, so bei den 
KlHARAschen Aegilops-Triticim-BsiStaYdeii, bei amphidiploiden Rog- 
gen-Weizen-Bastaiden (Moritz: 1934b), bei einem zweifelhaften 
Bastard zwischen Linse und Wicke (Moritz u. v. Berg: 1931). 

Immerhin lag es nahe, nach den erwahnten Mifierfolgen bei der 
Rassen- u. Artdifferenzierung auf botanischem Gebiet, nunmehr 
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Material zu untersuchen, das von anderen Forschern anscheinend mit 
Erfolg- fur serologische Rassendifferenzierung verwendet worden 
war : Seren verschiedener menschlicher Rassen. Den experimentellen 
Teil der Arbeit leistete dabei der eine von uns (R.), die theoretische 

Auswertimg versuchte der andere (M.). 

Exp erimen teller Teil 

Als Aiisganppunkt unserer Untersuehung wahlten wir die im 
Jahre 1907 erschienene Arbeit von C. Bruck. Anlafilich der Neisser- 
schen Syphilis-Expedition nach Batavia untersuchte Bruck vermittels 
der Komplementbindungsmethode die ihm dort zur Verfiigung stehen- 
den Aifenseren und die Seren der dort vorhandenen menschlichen 
Rassen (Hollander, Javanen, Chinesen und Malayen). Vorerst sei 
nun ein kurzer Uberblick iiber die BRUCKsche Arbeit und ihre Resul- 
tate, sowie iiber den Mechanismus der von Bruck verwendeten Kom- 
plementbindungsmethode gegeben. Denn zur Verfolgung der vom 
Verfasser angestellten Versuche ist ihre Kenntnis notwendig. 

Bestimmte Immunitatsreaktionen, zu denen auch die spezifische 
Hamolyse gehort, bediirfen zu ihrem Zustandekommen aufier homo- 
logem Antikbrper und Antigen noch eines eigentumlichen, in frischem 

Normalserum enthaltenen Stoffes, der als Komplement bezeichnet 
wird. 

Setzt man einem gegen Hammelblutkorperchen gerichteten. 
Kaninchenimmunserum (Ambozeptor) das homologe Antigen (Ham-- 
melblutkorperchen) hinzu, so wird keine Hamolyse auftreten, wenn 
das ^ Komplement im Ambozeptor-Serum zerstbrt wurde (durch 
Erhitzen auf 56 Grad). Das Gemisch stellt nun ein Reagenz auf 
Komplement dar. Fiir andere Immunitatsreaktionen ist das Komple- 
ment nun zwar nicht ndtig; vorhandenes Komplement wird aber 
gebunden, wenn eine spezifische Reaktion zwischen Antigen und 
Antikbrper eintritt. Man kann also mit Hilfe der Ambozeptor-Blut- 
kbrperchen-Mischung feststellen, ob in einem anderen Gemisch von 
Antigen und Antikbrper, dem man Komplement zugefiigt hatte, eine 
Reaktion eintrat oder nicht. Im ersten Falle kommt es nicht oder 
nur zur schwachen Hamolyse. Im zweiten Falle wird das unver- 
brauchte Komplement bei geeigneten Mengenverhaltnissen zur voll- 
kommenen Hamolyse fuhren. 

Auf Grund der UHLENHUTHschen Untersuchungen — Uhlen- 
HUTH hat sowohl mit der Prazipitation, uls auch mit der Komple- 
mentbildung (bei kreuzweiser Immunisierung) sehr feine Differenzen 
erhalten— entschlofi sich Bruck, stets unter genauester Berucksichti- 
gung der quantitativen Verhaltnisse, vorerst festzustellen, ob Eiweifi-. 
unterschiede innerhalb der Individuen einer Unterart (Rasse) z.B. 
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Orang-Utan oder Macacus cynomolgus bestaiiden. Dieses ware der 
Fall gewesen, wenn bei einem Anti-Orang- Kaninchen-Serum z.B. 
das eine Ormgsernm bis zum Endtiter 1 :900, das andere bis zum End- 
titer 1:1000 und das dritte bis zum Endtiter 1:700 Hamolysehem- 
miing ergeben batten. So waren nach Bruck individuelle EiweiO- 
unterschiede bewiesen und eine Differ enzierung der Rassen infolge- 
dessen sehr in Frage gestellt worden. ^ , 

MaBgebend fiir die Auswertung dieser Ergebnisse ist also der 
sogenannte „Titer“, bis zu welcbem die Antiseren mit verschiedenen 
Antigenen reagieren. Im allgemeinen gilt die Regel, dafi das homo- 
loge Antigen (das zur Injektion bei der Herstellung der Antiseren 
benutzt wurde) in starkster Verdiinnung mit dem Antiserum reagiert. 
Der Titer der Reaktion wird also an der Starke der Verdiinnung des 
Antigens abgelesen. 

Um nun mit den Worten Bruck’s zu sprechen: „Stets war der 
Titer der Hamolysebemmung bei alien Tieren derselben Art gleich ; 
ein mit Om^^g-Serum erzieltes Kaninchenimmunserum wirkte auf alle 
Orang-^eren gleich stark“. Es zeigte sich also die komplette Hamo- 
lysehemmung bei alien OrangSeYen bei denselben Verdiinnungs- 
graden (Titern) ebenso bei alien Macacus cynomolgus-^eT&n. 

Nach dieser Feststellung untersuchte Bruck, ehe er an das Pro- 
blem der Differenzierung menschlicher Rassen heranging, mehrere 
Affenarten (nicht Unterarten) . Es gelang ihm zu zeigen, daU diese 
untereinander Differenzen aufwiesen. Interessant und zu beachten 
ist hier, dafi mit einem Anti-Ora%^-Serum wohl die iibrigen einzeln 
unterschiedlich reagieren, aber die menschlichen Rassen (Hollander, 
Chinesen und Malayen) alle bis zum gleichen Titer Hamolysehem- 
mung zeigen, also unter sich hierbei nicht zu unterscheiden sind. 
Worauf dieses nach Ansicht Bruck’s beruht, wird noch am Schlusse 
der Ausfiihrungen iiber seine Arbeit erwahnt. Nach dieser Differen- 
zierung ging Bruck dann an die Unterscheidung der menschlichen 
Rassen, allerdings unter dem steten Hinweis, dafi sich fiir diese Ver- 
suche keine zu hochwertigen Seren eignen. Seine Untersuchungs- 
ergebnisse fafite Bruck in der nachfolgenden Tabelle 1 zusammen. 

Aus dieser Tabelle ist nun ohne weiteres ersichtlichj dafi bei 
einem gegen Hollanderserum gerichteten System 1. All Individuen 
der gleichen Rasse bis zum gleichen Endtiter Hamolysehemmung 
geben, 2. die verschiedenen Rassen beziiglich des Endtiters gegen- 
einander unterschieden sind. Bruck kommt nun zu dem den Ergeb- 
nissen nach berechtigten Schlufi, dafi ein Unterschied des Blutserums 
der verschiedenen Rassen und in Verbindung damit eine Differenz 
zwischen den Rassen aiifgezeigt ist. Hinsichtlich der Natur dieses 
Unterschiedes, meint Bruck: Es scheme danach also eine Rasse zu 
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Tabelle 1. Der Ergebnisse der Rassendifferenzierungsversuche nach Brtjgk. 

Kaninchen vorbebandelt mit Hollander-Serum. + = Hamolysebemmting, 

0 = komplette Hamolyse. 


,0,1 Antiholb.- 
Serum 
gepr. m. 

Hollander. 

Araber 

Chinesen. 

Malayen. 

Orang- 

utan 

Macacus 

cyno- 

molg. 

I 

II 

III 

IV 

I 

II 

III 

IV 

I 

II 

III 

IV 

3:2000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1:1000 

+ 

+ 

+ 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1: 900 

+ 

+ 

+ 

+ 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1: 800 

+ 

+ 

+ 

+ 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1: 700 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

0 

0 

0 

0 

0 

0 

1: 600 


+ 

+ 

+ 

+ 

+ 


+ 

+ 

0 

n 

0 

0 

0 

0 

1; 600 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

"h 

+ 

+ 

+ 

0 

0 

1: 400 

+ 

+ 

+ ■ 


+ 

+ 

A 

. + 

+ 


+ 

+ 

A 

0 

0 

1: 300 

+ 


+ 

+ 

+ 

+ , 

+ 

+ 

+ 

+ 

+ 


+ 

0 

0 

1: 200 

+ 

+■ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

A 

A 

0 

0 

1: 100 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

A 

A 

0 

0 

1: 60 

+ 


+ 

+ 

+ 

+ 


+ 

+ 


+ 

A 

A 

A 
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geben, die alle Partialrezeptoren der tibrigen, aber aufierdem noch 
eigene besitzt. Der Hollander besitzt also alle Rezeptoren der Araber, 
Javanen, Chinesen und Malayen und auBerdem noch einige eigene ; der 
Araber besitzt alle Rezeptoren des Chinesen, Javanen, Malayen und 
eigene, aber nicht die dem Hollander eigenen u.s.w. Beim Ausgang" 
von anderen Zentren aus ergab sich fiir Bruck folgendes Bild. Z.B. 
ausgehend vom Araber zeigten Araber und Hollander bei gleichen 
Titern Hamolysehemmung, die iibrigen stufenweise tiefer, beim 
Malayenzentrum zeigten alle von ihm untersuchten Seren den gleichen 
Hemmungsendtiter . 

Nach dem Vorliegen dieser Diiferenzierungen der menschlichen 
Rassen, war es fiir Bruck klar, weshalb er bei der Verwendung eines 
Aifenzentrums keine Differ enzierung der Menschenrassen von ein- 
ander erhalten hatte. Der Affe hat nach ihm nur EiweiBgruppen 
des dominanten Artrezeptors „Mensch“ mit dem Menschen gemein- 
sam, aus diesem Grunde mufiten bei einem Orang-ZentYum alle men- 
schlichen Rassen bis zum gleichen Titer Hamolysehemmung zeigen. 
Aus diesen Ergebnissen, die ja unzweifelhaft interessant sind und 
der Wiederholung bzw. der Verifizierung bediirfen, zog nun Bruck 
ohne weiteres den Schlufi, dafi die menschlichen Rassen beziiglich 
ihres Blut-Serum-Eiweifies qualitativ different waren. 

Wahrend Bruck die Bezeichnung „Rezeptoren“ (Dominanter R. 
und Partial-R.) verwendet, sind anlafilich der im hiesigen Institut 
unternommenen serologischen und serodiagnostischen Arbeiten die 
Bezeichnungen „Protenom“ und „Proten“ gepragt worden (Moritz + 
V. Berg 1931). „Protenom“ bezeichnet- den Gesamteiweifikomplex, 
die Gesamtsumme der ,,Protene“. Als „Protene‘' bezeichnen wir die 
serologisch fafibaren Grundlagen der Artunterschiede. 


052 : 0. Moritz und H. L. RoHN Cytologia, Fuji! jub. voL 

Bevor die Anstellung der Differenzierungsyersuche vermittels 
der Anaphylaxie-Methode in die Wege geleitet wurde, mufite folgende 
tJberlegung angestellt warden: Waren die menschlichen Rassen 
diirch Protene von einander unterschieden, also ein qualitativer 
Unterschied vorhanden, dann mul3te dieser bei der rein qualitativ 
arbeitenden Methode des anaphylaktischen Zuckiingsversuches ein- 
deutig zu Tage treten. Beziiglich des Wesens der Allergie oder Ana- 
phylaxie sei hier nur auf die einschlagige Literatur verwiesen (z.B. 
Wells: 1927). 

Vorerst sei nun auch hier auf den Mechanismus der im hiesigen 
Institut gebrauchlichen und fiir die nachfolgenden Versuche ange- 
wendeten anaphylaktischen Zuckungsmethode eingegangen. 

Injiziert man einem Meerschweinchen die Lqsung eines artfrem- 
den tierischen oder eines pflanzlichen Eiweifies (wir verwenden intra- 
peritoneale Injektion) , so bildet der tierische iOrganismus „Abwehr“- 
Stoffe, sogenannte Antikorper, gegen jedes einzelne Proten. dieses 
Conglomerates von Einzeleiweifikorpern, des Protenoms. (Tiber 
eventuelle Konkurrenzerscheinungen siehe unten) . Sie konnen beim 
Meerschweinchen nach einer gewissen Zeitspanne, der sogenannten 
Inkubationszeit, im glatten Muskelgewebe festgestellt werden, wo sie 
den allergischen, anaphylaktischen oder sensiblen, uberempfindlichen 
Zustand des Tieres hervorrufen. Im Serum dagegen sind sie beim 
Meerschweinchen bekanntlich nicht, oder nur schwer nachweisbar. 

Injiziert man namlich nach mehreren Wochen einem solchen 
sensiblen Tier wiederum dieselbe Eiweifilosung (es geniigt schon eine 
hohe Verdiinnung derselben) , dann geht das Tier unter den schwer- 
sten Krampferscheinungen, dem sogenannten anaphylaktischen 
Schock, ein. Den Tod des Tieres rufen nun die Kontraktionen der 
glatten Muskelfaseraggregate hervor ; in diesem Falle ist es vor allem 
die Bronchialmuskulatur, deren Kontraktion den Erstickungstod 
veranlafit. 

Bei unseren Versuchen benutzen wir nun als glatte Muskel die 
Uterushorner des Meerschweinchens (DALE’scher Versuch 1912). 
Man prapariert die Uterushorner eines jungfraulichen, sensibel 
gemachten Meerschweinchens heraus und hangt sie mit einem Schreib- 
hebel verbunden in die fur diese Versuche gebrauchliche Spezial- 
apparatur (Moritz: 1934a). Wird nun zu dem Bade, in dem sich 
der isolierte Muskel, also das uberlebende Organ des Tieres, befindet, 
die Losung des homologen, d.h. des zur Impfung verwendeten Eiweifi- 
korpers, hinzugefugt, dann erfolgt auch hier aufierhalb des Orga- 
nismus die Reaktion durch Kontraktion des Muskels und kann so auf 
einer mit Rufipapier bespannten, rotierenden Trommel aufgezeichnet 
werden. Es werden hier, bei Zugabe des homologen .Antigens, alle 
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vorhandenen Antikorper abgesattigt (Moritz; 1929). Benutzt man 
zur Zugabe anstatt des homologen Eiweifies, Eiweifi einer verwandten 
Art, dann werden von den vorhandenen Antikorpern nur die 
abgesattigt, die fiir das zugegebene Eiweifi spezifisch sind. Enthalt 
dieses nicht vollig die gleichen Protene wie das homologe, dann wird 
also erst nach Zugabe des homologen Eiweifies die Absattigung der 
Restantikdrper, die dem Unterschied zwischen dem zuerst zugege- 
benen und dem homologen Antigen entsprechen, und also erneute 
Reaktion erfolgen. Hier ist schon zu erkennen, dafi man ev. meh- 
rere Differenzierungsreaktionen an einem Muskel vornehmen 
kann, bis alle Antikorper abgesattigt sind. Es ist also ersichtlich, dafi 
mit dieser Methode etwaige, einigermafien ausgepragte qualitative 
Unterschiede aufgezeigt werden konnen, dafi fernerhin hier eine sub- 
jektive Beurteilung der jeweiligen Resultate seitens des Untersuchen- 
den so gut wie ausgeschlossen ist, da ja jede einzelne Kontraktion 
vermittels des Schreibhebels auf dem Rufipapier aufgezeichnet und 
nach Fixierimg des Papiers mit Schellacklosung jederzeit eingesehen 
und gepriift werden kann. Das Bild solcher Kurven ist in Abb. 1 
bis 4 reproduziert. 

Bei Beginn der Injektionszeit, die gewbhnlich 8-14 Tage dauert 
bei taglicher Dosis von 2 ccm, soil das Gewicht der Tiere nicht unter 
150 und nicht iiber 200 Gramm betragen, da im ersten Falle die 
Kleinheit der Tiere (die Widerstandsfahigkeit ist noch nicht grofi 
genug) einen verhaltnismafiig hohen Tierausfall bedingt, im zweiten 
Falle aber die Tiere zur Reaktion zu grofi werden und infolgedessen 
sehr unerwiinschte Eigenzuckungen des isolierten Muskels auftreten 
konnen. 

Von den Ergebnissen Bruck’s ausgehend, mufite man bei vor- 
handenen Unterschieden annehmen, dafi die weifie Rasse samtliche 
Protene der iibrigen Rassen enthalte. Waren dann noch die anderen 
Rassen gegeneinander unterschieden, dann war es das Zweck- 
mafiigste, wenn die dem Verfasser zur Verfiigung stehenden Seren 
diff erenziert werden sollten, die Impf ung der Tiere mit „weifiem“ 
Serum vorzunehmen. (Siehe Anmerkung.’G 

Es war dann mbglich, bei dieser gegen „weifi“ gerichteten 
Sensibilitat an einem Muskel, sowohl den Unterschied zwischen der 
weifien und irgend einer anderen Rasse, als auch stufenweise nach- 
einander den Unterschied aller vorhandenen Rassen festzustellen. 

Aus diesen Griinden wurden also Immimisationszentren gegen 
„weifies“ Serum hergestellt und zwar eine Gruppe von 3 Tieren, die 

1) Anraefkting: Der Kiirze wegen wurden bei den Versvchen und den Aufzei- 
cbnungen in der Tabelle fur die verschiedenen Rassen nur die entspreeheuden 
Farbbezeichnungen gewahlt. z.B. Weifl == Deutschblutig, Schwarz = Neger, Gelb — 
Japaner, Jude = Jude. 
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je dreimal mit 2 ccm einer Serum-Verdiinnung 0,2:2 geimpft wurden 
imd eine weitere Gruppe von 10 Tieren mit je 4,4 ccm Serum in 14 
Dosen a 2 ccm Verdiinnung. Diese Gruppe diirchlief also eine Injek- 
tionszeit von 14 Tagen. Wie bei den botanisch-serologischen Ver- 
sucben, so war es auch hier angebracht, wahrend dieser 14 tagigen 
Injektionsperiode genau Protokoll tiber den jeweiligen gesundheit- 
lichen Zustand der Tiere und eventuelle Ausfalle zu fiihren. Im 
Gegensatz zu den botanischen Versuchen sind bei diesen keine Aus- 
falle zu verzeichnen gewesen. 

Es sei hier gleich eingeschaltet, dal3 die Aufbewahrung der Seren 
am zweckmafiigsten auf Eis erf olgt und zwar in Ampullen. Es wurde 
stets nach der Zentrifugierung des Elutes (die Zentrifugenrohrchen 
waren vor der jeweiligen Blutentnahme mit Stopfen bei cca 180 Grad 
eine halbe Stunde lang trocken sterilisiert) das Serum mit einer 
sterilen Injektionsspritze in sterile Ampullen zu je 2 ccm Fassungs- 
vermogen umgefiillt und nach dem Verschmelzen der Ampullen im 
Eisschrank aufbewahrt. So hatte man stets die gebrauchliche Menge 
zur Hand und das Serum hielt sich mehrere Wochen und Monate. 

Die Erhohung der Impfdosis der letzten Gruppe erfolgte aus 
dem schon oben beilaufig erwahnten Gesichtspunkt der Konkurrenz- 
erscheinungen heraus (Moritz: 1934b). Es besteht namlich die 
Moglichkeit, dafi Antigene, die in geringer Menge neben anderen 
quantitativ reichlich vorhandenen, injiziert werden, gar keine Anti- 
korperbildung veranlassen. Wenn also, wie wohl vorauszusehen ist, 
die unterscheidenden Protene nur in geringer Quantitat neben den 
gemeinsamen vorhanden sind, so wiirde unter Umstanden ihre Gegen- 
wart dennoch nicht im serologischen Versuch entdeckt werden kon- 
nen. Diese Erscheinimg bezeichnet man als „Konkurrenz der Anti- 
gene”. Wir wissen nun, dab man diesen Fehler in gewissem Mafie 
ausschalten kann (Moritz: 1934a u. 1934b), indem man 1. die In- 
jektionsdosen und — Haufigkeit bis zur Grenze des Mbglichen steigert, 
2. auberdem noch die Inkubationszeit, gerechnet vom Tage der letzten 
Injektion an, moglichst weitgehend variiert, d.h. zum Beispiel bei 
einer Gruppe von 10 Tieren nach cca 3-4 Wochen alle 8 oder 14 Tage 
ein Tier in Reaktion nimmt, beim Auftreten der hochsten Sensibilitat 
dann aber alle Tiere direkt nacheinander bearbeitet. 

Hier wurden die Tiere in den verschiedensten Zeitraumen zur 
Reaktion gebracht. Die Resultate sind aus der folgenden Tabelle 2 
ersichtlich. Als Beispiel und zur Erlauterung des Reaktionsverlaufes 
seien nun einige Kurven reproduziert und kurz auf sie eingegangen. 

Betrachten wir zunachst den Verlauf der Kurve des Uterushornes 
a des Tieres 39 Abb. 1. Bei I wurden 2 ccm 0,2:10 jiidisches Serum 
in das Bad gebracht. Es erfolgte eine starke Kontraktion des Muskels, 
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Abb. 1. Tier Nr. 7/39, System: Anti- 
weiB, Injektionsgruppe II (siehe Tabelle 
S. 955)1 Inkubation ; 70 Tage. Uterus- 
horn a. : Reaktionen mit je 2 ccm 
Serum-Verdunnung 0,2 : 10 : I Jude, II 
dasselbe. III WeiB, T = Tenosin. 

Die Pfeile (t) faedeuten Spiilung; mit Tyrode- 
Lb'sung. 


wie ja auch nicht anders zu erwarten war, denn das Unterart- 
Proten „Mensch“ und eventuelle dem jiidischen Blutserum eigene 
Protene, die auch im „wei6en“ Serum vorhanden waren, traten in 
Reaktion und wurden abgesattigt. Nachdem der Muskel sich wieder 
gestreckt (dieses kann in verschiedeii danger Zeit erfolgen) und 
eine kurze Strecke gezeichnet hatte, wurde bei II dasselbe hinzuge- 
geben. Der Muskel reagierte nicht mehr darauf, es waren also alle 

fiir jiidisches Serum spezifischen 
Antikorper abgesattigt. Der nun 
folgende Pfeil besagt nur eine 
Durchspiilung des Bades mit vor- 
gewarmter frischer Tyrode-Ld- 
sung, um die yon der letzten 
Zugabe noch darinbefindlichen 
Antigenmengen restlos zu ent- 
fernen. Hierauf wurde bei III 
„wei6es‘' Seruni hinzugegeben. 
War nun ein Unterschied in 
qualitativer Hinsicht vorhanden, 
dann mufite, da ja anzunehmen 
war, dafi „Weifi“ als Homologes noch eigene artspezifische Protene 
enthielt, jetzt wiederum eine Reaktion erfolgen, welche auf der 
Abs^ttigung die- 
ser fiir ,,WeiS“ 
spezifischen Pro- 
tene beruht hatte. 

Diese Reaktion er- 
folgte, wie er- 
sichtlich, nicht 
(die kleine Er- 
hdhung ist keine 
Reaktion, nicht 

einmal der Beginn einer solchen, da derartige Bewegungen des Muskels 
haufiger vorkommen). Erst bei der Zugabe von Tenosin bei T erfolgte 
eine erneute Kontraktion des Hornes. 

Zum Beweis, dafi negative Endreaktionen nicht auf Erschlaffungs-, 
Ermudungs- oder Todeserscheinungen beruhen, setzt man als Schlufi- 
reaktion eines jeden Verlaufes einige Tropfen Histaminlosung oder 
Tenosin, also unspezifische Muskelgifte, hinzu, deren po'sitiver oder 
negativer Ausfall Leben oder Tod des Muskels anzeigt. Gewohnlich 
lebt der Muskel in dem Bade etliche Stunden. 

Ganz ahnlich ist die Reaktionsfolge des Parallelhdrnes und des 
Tieres Nr. 41. (Abb. 3 u. 4.) Bei dem Tiere Nr. 41 ist zwischen die 
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Abb. 2. 
Abb. 1. 


Tier Nr. 7/39 Uterushorn b. : Dieselben Daten wie in 
: Reaktionen : I Gelb* II Dasselbe, III Jude, IV WeiB, 
T = Tenosin. 
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erste Reaktion und die Zugabe von „weii3“ noch eine weitere Zugabe 
eingeschaltet worden, welche an beiden Muskeln, ebenso, wie die Reak- 
tion „Weifi“ negativ verliefen. (vergl. Abb. 2) . 

Betrachten wir nun einmal die Tabelle 2, so miissen wir fest- 
stellen, dab bei alien zur Reaktion gefiihrten Tieren nach der ersten 
Reaktion, die bei alien 
Tieren positiv ausfiel, 
keine weitere positive 
Reaktion auftrat, nur 
eben bei dem Zusatz 
von Histamin und 
Tenosin (s.o.), Es 
wurden also schon bei 
der ersten Reaktion 
samtliche gegen „Wei6“ 
gerichteten Antikorper 
abgesattigt. Ware ein 
qualitativer Unterscbied 
zwischen „Weifi“ und 
den anderen Seren vor- 
handen gewesen, dann 
hatte die Reaktion mit 
„Weifi“ als dem Homo- 
logen positiv ausfallen 

mussen, Waren dagegen schon bei der ersten Zugabe alle fiir „Weib“ 
spezifischen Antikorper abgesattigt, so war es naturgemab auch nicht 
mbglich, dab bei einem weiteren Zusatz eines anderen Serums (Gelb, 
Schwarz etc.) noch eine positive Reaktion erf olgen konnte. 

Nach diesen Ergebnissen mub man wohl ein Vorhandensein 
serologisch fabbarer, qualitativer Unterschiede der Rassen- 
Seren im Sinne Bruck’s ablehnen. 


.ni iv 

Abb. 3, Tier Nr. 9/41, System: An.ti-WeiB, In]'ek- 
tionsgruppe I (siehe Tabelle S. 955) Inkubation : 123 
Tage. Uterushorn a.: Reaktionen mit je 2 cem 
Serum-Verdiinnung 0,2 : 10 : I Schwarz, II Dasselbe, 
III Jude, IV WeiB, T = Tenosin, 


Abb. 4. Tier Nr. 9/41, Uterushorn b. Dieselben Daten 
wie in Abb. 3. Reaktionen : I Jude, II Dasselbe, III 
Gelb, IV Weifi, T = Tenosin. 


Versuch der theoretischen Auswertung 

Wie aus dem vorangehenden experimentellen Teil hervorgeht, 
ergeben unsere Untersuchungen ein vollig anderes Bild als die Arbeit 
Bruck’s. An der experimentellen Richtigkeit der BRUCKschen Unter- 
suchung zu zweifeln, haben wir keinen Grund. Es besteht also nur 
die Aufgabe der Aufklarung dieser Diskrepanz. Ein ahnlicher 
Mangel an Ubereinstimmung besteht bekanntlich bezuglich der 
„groben Systematik“ zwischen den Ergebnissen der Prazipitations- 
untersuchungen Mez’ und den Untersuchungen mit der Anaphylaxie- 
methode. Man kann hier von einem „Reichweitenparadoxon“ 
sprechen. Denn die empfindlichere AnapRylaxiemethode, mit. deren 
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Hilfe man wesentlich kleinere Eiweifimengen als mit der Prazipita- 
tionsmethode nachweisen kann, gestattet im allgemeinen keine Reak- 
tionen zwischen systematisch verwandten Familien, wahrend die 
■weniger empfindlichere Methode der Prazipitation nach Mez und 
anderen mit Leichtigkeit Eiweifigemeinschaft zwischen den Familien 
zu entdecken gestattet. Zum Teil kann dieses Paradoxon durch den 
Hinweis aufgeklart werden, dafi die Prazipitation nicht nur Eiweifi- 
korper, sondern auch Lipoide erfaist (Moritz: 1929). 

Im Prinzip sind die an die Methoden zu stellenden Anforderun- 
gen nun die gleichen, einerlei, ob wir Eiweifidifferenzen bei nahe ver- 
wandten Oder Eiweifigemeinschaft bei entfernt verwandten systema- 
tischen Einheiten aufklaren wollen. In beiden Fallen handelt es 
sich darum, eine sehr geringe Menge der fur den Ausfall der Reak- 
tion entscheidenden Eiweifikbrper neben ‘ grofien Mengen anderer 
Eiweifikorper zur Antikorperbildung zu bringen. Mit anderen 
Worten: Es sind MaSnahmen zu treffen, welche verhindern, dafi die 
in geringer Menge vorhandenen entscheidenden Partial — Antigene 
(Partial-Rezeptoren, Protene, Proteale (Mollison 1933) ) infolge der 
Konkurrenz der Antigene nach der Injektion garnicht zur Anti- 
kbrperbildung Anlafi geben. Bei den Versuchen zur Feststellung sero- 
logischef Gemeinsamkeiten zwischen entfernter verwandten Einheiten 
hat man von jeher dazu den Weg beschritten, moglichst hochwertige 
Seren durch wiederholte Injektion zu erzielen. Auch bei den eigenen 
Untersuchungen zur Bastardserologie (bei denen es also auf Erfas- 
simg geringer Mengen unterscheidenden Eiweifies ankam) erwiesen 
sich im allgemeinen wiederholte Injektionen und langausgedehnte 
Inkubationszeiten als giinstig. 

Es mufi dementsprechend befremden, dafi Bruck ausdriicklich 
nur wenig hochwertige Antiseren (solche von geringem Titer) an- 
wendet und erklart, dafi nur mit solchen seine Ergebnisse erhalten 
werden konnten. 

Die Aufklarung der Unterschiede in den Ergebnissen diirfte aber 
durch grundsatzliche ErWagungen moglich sein. Bei einer friiheren 
Gelegenheit wurde darauf hingewiesen, dafi es unmbglich sei, aus den 
Ergebnissen der titrierenden serologischen Methoden (Prazipitation, 
Komplementbindung, Agglutination, kurz alle, bei denen man mit dem 
Begriff des „Titers“ arbeitet) eindeutige Schliisse iiber das Ausmafi 
der Eiweifigemeinschaft mehrerer systematischer Einheiten mit einer 
anderen (die als „homologes Antigen" zur Herstellung der Anti- 
serums diente) zu Ziehen (Moritz: 1934a) . 

Die Griinde dafiir sind: 1, Das Fehlen einer rationellen Bezugs- 
grofie. Denn in die Reaktion geht notwendig der Konzentrations- 
begriif ein, in diesen' das Molekulargewicht. Dieses ist uns filr die 
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reagierenden Stoffe nicht bekannt. 2. Es fehlt im allgemeinen bei 
diesen Enter suchungen der Nachweis, dafi die Reaktion, deren 
Starke (Prazipitations-, Komplementbindungs-, Agglutinationstiter) 
beurteilt wird, aiif der qualitativ gleicben Grundlage beruht. Mit 
anderen Worten, wenn mit dem System Anti — ^A das Antigen B bis 
1:10000, das Antigen C bis 1:5000 reagiert, so konnen diese Reak- 
tionen auf qualitativ ganz verschiedener Grundlage beruhen, also auch 
quantitativ unvergleichbar sein. 

Es wurde daher vorgeschlagen, alle diese titrierenden serolo- 
gischen Reaktionen im Bereich der Verwandtschaftsforschung als 
„Pseudoquantitative“ Reaktionen zu bezeichnen (Moritz: 1934a). 

Die einzigen Aussagen, welche diese Reaktionen ermoglichen, 
sind: 1. Zwei systematische Einheiten baben Eiweifigeineinscbaft, 
oder 2. sie haben keine Eiweifigemeinschaft. 

Ganzlich unmdglich ist es aber natiirlich, auf Grund der Ergeb- 
nisse pseudoquantitativer Methoden ins Einzelne gehende qualitative 
Aussagen zu machen. Wir gelangen dann zu pseudoqualitativen 
Ergebnissen, wie das bereits friiher (Moritz: 1934a) fiir die Molli- 
SONschen (1933) Enter suchungen an Aifen nachgewiesen "wurde. 
Allerdings wurde damals der Ausdruck „pseudoqualitativ“ noch nicht 
verwendet. Doch wurde darauf hingewiesen, dafi der Begriff der 
„Proteale“, der formell unserm „Proten“-Begriff gleicht, in un- 
zulassiger Weise von Mollison verwendet wurde. Das Gleiche gilt 
auch von den BRUCKschen Ergebnissen. Da sie mit Hilfe einer 
titrierenden Methode gewonnen warden, lassen sie keine eindeutigen 
qualitativen Schliisse zu. 

Solche eindeutigen qualitativen Schliisse, die zur Zeit das 
Maximum des Erreichbaren darstellen, konnen auf serologischem 
Gebiete nur durch Anwendung von Absattigungsreaktionen erhalten 
werden, wie sie weiter oben, im experimentellen, Teil im Grundsatz 
gekennzeichnet warden. 

Es entsteht noch zum Schlufi nun die Frage, wie dann aber die 
BRUCKschen Ergebnisse zustande gekommen sein konnen. Nach dem 
Ausfall unserer Absattigungsreaktionen und im- Anbetracht dessen, 
dafi die BRUCKschen Ergebnisse mit Seren njedrigen Titers erhalten 
wurden, ist es unwahrscheinlich, dafi ihnen wirklich qualitative 
Enterschiede zu Grande liegen. Nehmen wir aber an, dafi sich die 
untersuchten Seren qualitativ gleich zusammen setzen aus den glei- 
chen Partialantigenen (Protenen, Partialrezeptoren, Protealen), dann 
kdnnte moglicherweise eine Differenzierung vorgetauscht werden, 
wenn die relativen MengenverhMnisse der einzelnen Partialantigene 
bei den Seren der untersuchten Rassen mengenmafiig variieren. Hier 
eine Entscheidung zu fMlen ist derzeit ganz unmoglich. Es sei jedoch 
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darauf hingewiesen, dafi bei Verwendung von Seren geringer Titer 
unter Voranssetzung der Konkurrenzerscheinung folgender Fall ein- 
treten kann: Rasse A besitze lediglich die Protene a imd b in den 
gleichen Mengen. Rasse B besitze viel a, daneben aber von den Pro- 
tenen b, c, d je so wenig, dal5 diese bei geringem Immunitatstiter 
nicht durch Antikbrper im Antiserum vertreten sind. Dann wird die 
Rasse B, obgleich sie an serologischen Merkmalen reicher ist, im 
Versuch als die armere erscheinen konnen. 

Fassen wir zusammen, so erkennen wir, 1. dafi bis jetzt eine 
eindeutige serologische qualitative Unterscheidung von biologischen 
Rassen nicht mdglich war, wie am Beispiel von Menschenrassen 
gezeigt wurde. 

2. dafi die Auswertung serologischer Methoden in der Verwandt- 
schaftsforschung eine sehr genaue Methodenkritik erfordert, wie am 
Beispiel der pseudoquantitativen und pseudoqualitativen Methode 
imd Aussage erlautert wurde. 

Literaturverzeichnis 

Bruck, C. Die biologische Differenzierung von Affenarten und menschlichen Rassen 
durch spezifische Blutreaktion. Berliner Klin. Wochenschr, 26: 793, 1907. 
Dale, H. H. The anaphylactic reaction of plain muscle in the guinea-pig. J. of 
Pharmacol. 4, 1912. 

Magnus, u. Friendenthal, Bber die Spezifitat der Verwandtschaftsreaktion der 
Pflanze. Ber. dtsch. botan. Ges. 25, 1907. 

Magnus, W. Weitere Ergebnisse der Serodiagnostik fur die theoretische und ange- 
wandte Botanik. Ber. dtsch. botan. Ges. 26, 1908. 

Mollison, Th. Phylogenie des Mensehen. Handb. d. Vererbungswiss. 18, 1933. 
Moritz, O, Zur Kritik der Phytoserologie. Biol. Zentralbl. 48, 1928. 

— Weitere BeitrSge zur Kritik und zum Ausbau phytoserologischer Methodik. 

Planta 7, 5, 1929. 

— Prinzipien und Beispiele der Anwendung phytoserologischer Methodik, 
Planta 15, 1932. 

— Serologische Untersuchungen an Getreidebastarden. Ber. dtsch. botan. 
Ges. 51, 1933. 

— Die botanische Serologie. Cohn’s Beitr. z. Biolog. d. Pflanzen. 22: 61, 
1934. 

— , tlber serologische Verwandtscbaftsforschung. Der Zlichter 10, 1934. 

— u. vom Berg, H, Serologische Studien Uber das Linswickenproblem. Biol. 

Zentralbl. 51 : 6, 1931, 

Nuttal, Blood immunity and blood relationship. Cambridge 1904. 

Uhlenbuth, P. Ein Verfahren zur biologischen Untersuchung von Blut verwandter 
Tiere. Dtsch. Mediz. Wochenschr. 1906. 

Wells, H. G, Die chemischen Anschauungen iiber Immunitatsvorgange. Jena, 
Gustav Fischer 1927, 



1937 


961 


SignificaEce of CytogcEetic Alteratioos Induced by High FrequCEcy 
RadiatioE in Mcotiana Species * 

By 

T. H. Goodspeed 

University of California, Berkeley 

The effectiveness of x-radiation in inducing gene mutation and 
chromosome reorganization in living organisms, has been adequately 
demonstrated by the work of many investigators. Studies under way 
during the past nine years in the University of California Botanical 
Garden have analyzed many products and byproducts of high 
frequency radiation applied to sex cells, seeds and growing points 
of species of the genus Nicotiana, The effectiveness of such treat- 
ment in the case of these species lies not only in its capacity to produce 
mutations in genes or structural alterations in chromosomes, but also 
in its ability through a single original alteration to initiate a suc- 
cession of changes continued over a considerable series of genera- 
tions, the products of which are not necessarily related directly to 
the original radiation effect. Such a range of induced variation is, 
in our experience, to be referred to an initial alteration of chromo- 
some structure or organization. In nature similar clusters of varia- 
tions have arisen and doubtless in many cases they are to be assigned 
to chromosome alterations naturally induced and similar to those 
produced in Nicotiana species by high frequency radiation. In this 
connection attention might be called to the obvious fact that evolu- 
tion has not proceeded at a uniform rate in all organisms or even 
among closely related ones, and the fact that certain species or groups 
of species tend to vary more than others may indicate a certain 
parallelism between the character of induced and natural variation. 

Three cytogenetic states, among others, which have been a pro- 
duct of x-radiation of Nicotiana species, have been most thoroughly 
analyzed: (1) continued segregation following induced fragmenta- 
tion and translocation, (2) variation caused by repeated disruption 
of a complex chromosome mechanism initially induced by x-radiation, 
(3) the asynaptic condition arising as a result of a recessive gene 
mutation similarly induced. This report contains a brief resume of 
the evidence concerning these three cytogenetic states, together with 
comment upon their combined significance. 

* Investigations reported on here have been aided by grapts from the Board of 
Research of the University of California and the Radiations Committee of the 
National Research Council, 
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First cytogenetic state 

In progenies derived from a single x-rayed sex cell of Nicotiana 
Tahacum it has been possible over a period of years to produce a 
multiplicity of distinct morphologicartypes because subtractions from, 
as well as additions to, the genoin of this species may be viable in the 
homozygous condition (1). In tetraploid races or amphidiploids in- 
volving closely related species recessive alterations due to loss may 
not produce distinct morphological variation because of the presence 
of all or a majority of the genes in duplicate. On the other hand, 
when the amphidiploid species, like N. Tabacum, has arisen from 
less closely related species which differ from each other widely in 
genotype, many such losses should be expressed in detectable recessive 
effects. These recessive types may survive because of the presence 
of similar genes essential for viability in the unaltered parental set 
present in the amphidiploid. Thus, a series of homozygous losses 
has been established from a few translocations and fragmentations 
and has given rise to morphologically distinct recessive types. They 
represent individual gradations in extent of distinction in external 
morphology when compared to control and, indeed, it may be said 
that there is a general parallelism between extent of visible chromo- 
some alteration shown by an x-ray N. Tabacum derivative and the 
extent of its distinction from control in external morphology. For 
example, one of the eight pure-breeding types obtained from x-radia- 
tion of a single sex cell of iV. Tabacum differs from control in only a 
few characters, and shows no visible alterations in genom, whereas 
another is strikingly different in many characters and its genom gives 
evidence of having undergone complex chromosome reorganization. 

Certain, if not many, plant species of economic importance, like 
N. Tabacum-, have been shown to be of amphidiploid origin. Their 
capacity to exhibit variation and thus undergo successful selection is 
to be assigned in considerable part to a viability which is retained 
through the presence of one set of genes after quantitative or quali- 
tative alteration of their original duplicates. Thus, the demonstrated 
lability of the gene system of N. Tabacum after treatment with high 
frequency radiation is, as already noted, referable to the presence of 
the two complete chromosome sets of each parent. In this connection 
it should be noted that Demerec (2) has pointed out the importance 
of the addition of loci in the origin of a new species. The duplica- 
tion of a few loci must be followed by their differentiation before a 
new race is established. This process of differentiation may be quite 
time consuming, but once attained the production of additional forms 
is possible through losses of genes. These points are illustrated by 
the products 'of the cytogenetic state under consideration. Thus, the 
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eight pure breeding x-ray derivatives in N. Tahacum were rapidly 
established through loss of genes which were duplicated in the amphi- 
diploid origin of this species. On the other hand, certain of the other 
derivative types not as yet obtained in pure breeding condition owe 
their distinction from control in external morphology to duplicate 
genes present in chromosome fragments which are not essential for 
viability and may therefore, in succeeding generations, be present 
in different number to give a range in the morphological expression 
of the type. 

Second cytogenetic state 

This case involves the presence of an unstable chromosome 
mechanism induced by x-radiation and will be given only brief con- 
sideration at this point. In this second cytogenetic state we have 
evidence that the differentiation of the two parental gene sets of 
N. Tabacum hsis resulted in the establishment, in the F chromosome 
at least, of certain genes essential for viability. Thus m deformed; 
a derivative distinguished by a greater or lesser degree of tissue 
abnormality, the physical attachment of the F chromosomes induced 
by x-radiation may result in their mitotic and meiotic elimination 
with consequent lethality during the course of tissue and gamete 
formation. The presence of the attachment also gives rise to a com- 
plexity in chromosome behavior during meiosis. The disruption, 
particularly at IIA, of the chromosome bridges which form as a 
consequence of the attachment results in the production of a series 
of F chromosome remnants whose suiwival depends upon the reten- 
tion of an insertion region. The viability of a zygote from gametes 
produced following this disruption depends upon its receiving from 
a fragment or some other F chromosome a certain viability region 
characteristic of this chromosome. As a result of the operation of 
this complex chromosome mechanism both plus and minus chromo- 
somal types may appear {fluted, long flowers and variants of these 
two types), and also pure breeding types (coral and mammoth) 
together with types showing tissue abnormalities (deformed) or 
color variegation (carmine-coral) produced by mitotic irregularities 
in distribution of the F chromosomes or their fragments. In other 
words, despite the viability limitation a wide range of products and 
byproducts of the initially x-ray induced chromosome alteration have 
been secured. 

Third cytogenetic state 

In this case we are dealing with a product of x-radiation of N. 
sylvestris, a 12-paired species, a progenitor of which entered into 
the amphidiploid origin of 24-paired A. Tab Among a number 
of gene mutations induced by x-rays in this species a recessive gene 
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6ff6ct which 2.pp6sr6d. in Xa 3;nd. which C3.iis6s ^synspsis of homo- 
logous chromosomes will be briefly described. 

g0y0]y generations huye been grown from the originul 3,syn3,ptic 
parent, and in them an extended series of hyperploid plants has 
appeared. Thus, 11 primary trisomic types have been identified, 
together with a number of simple trisomics which appear to be similar 
to the secondary and tertiary types described by Blakeslee in Datura, 
over 30 double trisomics, more than 10 tetrasomics and at least 6 
triple trisomics. The trisomic types differ from the diploid in height 
and habit of plant ; in shape, size and disposition of leaves ; in flower 
length, breadth and shape auid in the length and relative position of 
stamens and style. In other words, the genic balance of each chromo- 
some is different from that of the complement as a whole and affects 
a large number of plant characters. It is also clear that the expres- 
sion of any one character considered “normal” for the species N. 
sylvestris is conditioned by the ultimate balance between the various 
chromosomal unbalances of each of the 12 chromosomes in. its haploid 
set. For example, the trisomic types called enlarged and recurved 
increase the length of the flower, whereas stubby, puckered and 
compact decrease flower length, and similar variations are character- 
istic of trisomic types where leaf shape and leaf color are concerned. 

As in certain other described cases of asynapsis, its extent varies 
with changes in environmental conditions and particularly tempera- 
ture. Thus, during hot weather asynapsis is increased, an effect 
also characteristic of the 2n + 1 and 2n + 2 derivatives when com- 
pared with the extent' of asynapsis in 2n plants. 

Through backcrossing to the non-asynaptic diploid, trisomic 
lines devoid of asynapsis have been produced. The distinction be- 
tween the proportion of variants in such lines and that from asynaptic 
plants is striking ; for while the former usually contain only 2n -I- 1 
and 2n plants, the latter have given as many as 16 different chromo- 
somal types in a population of 68 plants, only 44% of the population 
being unchanged in chromosome constitution. Although, as already 
stated, asynapsis is expressed more completely in hyperploid plants 
than in diploids, the asynaptic condition is transmitted as effectively 
through one as through the other so that the source of variation is 
lost only after crossing with plants carrying the dominant non- 
asynaptic gene. 

In addition to the asynaptic derivatives above mentioned other 
chromosomal variants have been obtained— a haploid and several 
plants with fragment rather than whole chromosomes added to the 
2n complement. The fact that chromosomes' become fragmented and 
translocated in lines derived from asynaptic plants makes possible 
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the establishment of additional chromosomal types. In other words, 
in this third cytogenetic state, as in the other two, an initial altera- 
tion in the genetic material induced by x-rays produces,, secondarily, 
an extended series of chromosomal variants. 

Discussion 

The problem of the origin, nature and significance of gene and 
of chromosome alterations was debated long before high frequency 
radiation was shown effective in producing them, and the results of 
recent genetic investigation appear to substantiate certain of the 
earlier contentions such as that of Bateson, who looked upon all 
recessive gene mutations as losses. The shift of emphasis in modern 
genetics toward analysis of quantitative chromosomal variations 
rather than of the results of transgenation can largely be ascribed to 
the capacity of high frequency radiations to furnish ample material 
for the study of chromosome alterations. In addition, the identifica- 
tion and study of induced quantitative chromosomal variations has 
led to a broader recognition of their occurrence under natural condi- 
tions. Indeed, the variation which in origin can be referred to struc- 
tural chromosome alteration is beginning to be looked upon as a 
significant evolutionary process. For it is clear that differences in 
genic organization between closely related but distinct species could 
be accounted for by the accumulation of successive structural genom 
alterations no one of which would be lethal. While transgenations 
(involving molecular rearrangement of genes) may occur concur- 
rently with, and independently of, quantitative chromosome reorgani- 
zation, it must be remembered that the influence of losses due to the 
latter effect might give results indistinguishable from those assigned 
to transgenations, particularly when lethality does not follow the 
initial change because of the presence of the two parental sets of genes. 

It is evident that the accumulation of recessive gene mutations 
accompanies and is to a considerable extent responsible for species 
differentiation. On the assumption that such mutations represent 
losses, one encounters the difficulty, appreciated by the contestants 
in the “presence-absence” controversy, that evolution cannot continue 
solely through accumulation of losses. On the other hand, if such 
losses follow duplication of groups of genes, they will then serve to 
differentiate such duplications. 

That this sequence of events can occur is shown by the cyto- 
genetics of derivative races obtained from x-radiation of Nicotiana 
Tahacum. Thus, as has been said, the amphidiploid origin of this 
species provides a large number of duplications permitting the esta- 
blishment of many homozygous losses. By contrast N. syhestris, one 
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of the two species whose progenitors entered into the origin of N. 
TabcLCum, has given only one x-ray derivative whose origin is clearly 
via loss, and this plant was small and weak. On the plus side, how- 
ever, a large number of chromosomal variants have been obtained. 

The three cytogenetic states to which this report has been limited 
have, in common, the capacity of continuous production of new chro- 
mosomal types. The mechanism involved in each case is different but 
in all three the alteration, initially induced by high frequency radia- 
tion, influences chromosome behavior, a most potent source of further 
quantitative chromosomal variation and one which may produce un- 
limited material upon which evolutionary processes can operate. The 
extent to which structural chromosome alterations in Oenothera have 
entered into species differentiation and the fact that in Datura 
stramonium the differences in genic organization between the various 
derivative races have had their origin in structural changes of the 
chromosomes illustrates the evolutionary significance of such struc- 
tural alterations and indicates that they occur under natural condi- 
tions. Whether or not such alterations represent a major evolutionary 
mechanism is, perhaps, a question, but at least it is probable that the 
degree of differentiation between two species is proportional to the 
number of structural distinctions between their genoms. A case in 
point is the cytogenetic situation in the group of 12-paired Nicotiana 
species to which paniculata, solanifolia and Raimondii belong. All 
hybrids which have been obtained between these species show a large 
amount of conjugation indicating a high degree of similarity in genic 
content and organization. Similarly these three species are strik- 
ingly similar in somatic chromosome morphology. On the other hand, 
in the hybrids within this group there is evidence at IM of structural 
differences between the chromosomes of any two complements. Thus, 
in Fi Raimondii x solanifolia at least 6 of the 12 bivalents present 
are either heteromorphic or unequally aligned, indicating that trans- 
locations and inversions have taken place during the differentiation 
of the parental species involved. If, as in this illustration, quantita- 
tive chromosomal variation is of significance in the evolution of 
species then it is clear that mechanisms, such as those described in 
this report, which are capable of continually producing such varia- 
tion are not solely novelties but are important initiators of species 
differentiation. 
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On the Awtopolyploids of the Rape 

By 

T. Morinaga and H. Kuriyama 
Plant-Breeding Laboratory, Kyushu Imperial University 

In the spring of 1935, Mr. K. Arashi, in charge of the rape breed- 
ing in the Experimental Station at Fukuoka, found a number of 
highly sterile plants in an otherwise promising strain selected from 
‘Wase-Chosen’, a common variety of the rape (Brassiccb Napella 
Chaix) . According to one of the writers’ (K.) investigations, those 
spontaneous plants were diploid in all external respects, though the 
styles and filaments of their flowers were more thickset, their leaves 
more glaucous, and their branches grew more nearly upright than 
those of the normal plant. About 2/3 of the pollen-grains of such 
plants were abnormal and appeared to be functionless. The anthers of 
more than 20 such sterile plants and some normal ones were fixed 
separately with Bonin’s solution, and permanent preparations for 
the study of microsporogenesis were made by the paraffin method. 
The normal plant showed 19 bivalent chromosomes (Fig. 1) in the 
heterotypic metaphase, and the division processes were carried out 
regularly. The sterile plants, though possessed of almost the diploid 
number of chromosomes, so far as the writers noted, revealed, in 
the heterotypic metaphase, several univalents for some reason or 
other. The univalents usually lag behind in the anaphase, and the 
formation of restitution nuclei was not infrequently met with. Dyad 
formations instead of tetrads occurred also in an abnormally . high 
frequency' in these plants. 

In the autumn of 1935, the writers sowed the seeds produced by 
7 such highly sterile plants, obtaining 7. lines, T^xs , T27 , Tog. . . .T32, 
which in all included 79 individuals. Four autopolyploid plants 
were discovered among those plants. 

Autofriploid : Three individuals, namely T07-702, T28-715 ' and 
T28-719, though they were somewhat dwarfed, set on rather thick 
leaves and stalks, and had slightly larger flowers than the normal 
plant. The anthers burst easily and the pollen-grains, though not 
uniform in size, were stained well with aceto-carmine. The micro- 
sporogenesis of those 3 plants was studied by both the aceto-carmine 
smear and the ordinary paraffin methods. The following descriptions, 

1) Contributions from the Institute of Agronomy, Kyushu Imperial Uni- 
versity, No. 57. 
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however, were based chiefly upon the results of the smear method. 
The heterotypic chromosome numbers of the plants were not con- 
stant, and the writers counted 21-24 chromosomes, which, except the 
univalents, arranged themselves well on the equatorial plane. The 
shape of the majority of the chromosomes was complicated, and the 
rest showed either the normal shape of a bivalent or the shape of a 
univalent (Fig. 2) . Those chromosomes of a complicated shape were 
easily seen to be trivalents in their side views (Fig. 3) . The trivalent 
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Figs. 1-6. 1. A polar view of the heterotypic metaphase of the normal diploid. X 2260. 
2. A polar view of the heterotypic metaphase of the triploid plant. x2550, 3. Side 
views of trivalent chromosomes. x2660. 4a, b. Polar views of the sister homotypic 
plates of the triploid plant. x2260. 5. A polar view of the heterotypic metaphase 
of the tetraploid plant. x2250. 6a, b. polar views of the sister homotypic plates of 

the tetraploid plant. x2260. 


often seems to disjoin early, producing a bivalent and a univalent 
situated close together. In the anaphase which f ollowed, 1-6 lagging 
chromosomes were usually observed. The lagging chromosome sooner 
or later divided into two, and the halves moved to each pole, though 
they failed sometimes to be included in the daughter nuclei. In the 
homotypic metaphase there were found 26-30 chromosomes, the 
average number being 28.3 (Fig. 4) . A small number of chromosomes 
were also situated out of the equatorial plane. The double of the 
homotypic chromosome number, or the total number of chromosomes 
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in the two homotypic nuclei in a microsporoeyte, thus agrees closely 
with the triploid number (57) of the species. Though in the homo- 
typic anaphase a few lagging chromosomes, were met with, the divi- 
sion proceeded normally as regards other points. From the observa- 
tions above mentioned the writers concluded that the individuals, 
T27-702, T28-715 and T28-7I9 were autotriploids produced by the union 
of a normal and a diploid gamete, the latter caused from the restitu- 
tion nucleus formation. 

Autotetraploid: The individual T27-7O6 was a plant of a dwarf 
gigas type with thick leaves and stems, and flowers slightly larger 
than the normal. The pollen-grains were not equal in size, but 
scarcely any empty grains were observed. The smallest number of 
chromosomes counted in the heterotypic metaphase was 23, and the 
greatest number exceeded 30 (Fig. 5). In the smear preparation 
some chromosomes were presumed by their size and shape to be 
tetra valent, but it was impossible to determine the valency for all 
of the chromosomes. In the heterotypic anaphase a few, in one case 
as many as 5, lagging chromosomes were observed. The average 
number of the homotypic chromosomes, though counted only for 4 
metaphasic plates, was 37.8. Two sister equatorial plates in the 
microsporoeyte depicted in Fig. 6 contain respectively 35 and 39 
chromosomes. From these observations (which are not regarded as 
satisfactory) the plant was assumed to be an autotetraploid, 
originated by the union of two diploid gametes formed by the restitu- 
tion process. 

Various kinds of numbers showing the grade of fertility of the 
autotriploid and autotetraploid are shown in the following table. 


Table showing the fertility of the auto-polyploids of the rape 



Length 

. 

silique 

Number of 

1 placentas 

1 per silique 

Number 
of perfect 

Number of 
imperfect 

Number of 
perfect seeds 

Total number 
of seeds 


seeds per 
silique 

, seeds per 
silique 

Number of 
i placentas 

Number of 
placentas 

Diploid 

Triploid 

4.2 cm 

21.9 

13.5 ! 

1.5 

1 61.6% 

68.5% 

^ (T28-716) 
Tetraploid 

2.6 

18.5 

3.9 

0.5 

1 21.1 

23.8 

(T 27 - 7 O 6 ) 

2.3 

14.6 

0,6 

1.6 

1 3.4 

13.8 


Many thanks are due to Mr. K. Arashi for the seeds which he 
has kindly supplied the writers with as material. 
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Zytoiogische UntersiicIiimgeE der Bryophyten, III. 

Die Morphologic des Spermatozoids von Reboalm hemisphaerica^^ 

Von 

Tadamasa Miduno 
Kaiserliche Universitat Tokyo 

Als Fortsetzung meiner vorhergehenden Untersuchungen habe 
ich weiter Forschungen iiber die Morphologie d'er Spermatozoiden 
von Reboulia hendsphaerim (L.) Raddi. gemacbt. Da die Spermato- 
zoiden desselben einige besondere Eigenschaften haben, mochte icb 
bier die Einzelheiten veroffentlichen. 

Methode und Material 

Das in dieser Forschung gebraucbte Material wurde in Zinmuzi 
(Kanagawa-Prefektiir) gesammelt. GewohnliGh findef man deii 
Thallus aiif ziemlicb getrocknetem Boden oder Gestein. Die kreis- 
f ormigen Antheridienstande entstehen auf dem Thallus und haben 
keinen Stengel wie bei ConooepJmlus, die Grbi3e der Antheridienstande 
aber ist kleiner als die Von Conocephalus. Die Reifezeit des An- 
theridiums von Reboulia hemisphaerica ist Oktober. Ein Teil des 
Thallus wurde vom Boden genommen und etwas davon im Labo- 
ratorium sofort, und der Reste nach einigen Tagen untersucht. In 
beiden Fallen wurden Spermatozoiden gewonnen. Wenn Man das 
Antheridium aus dem Thallus abschneidet, es umgekehrt auf den Ob- 
jekttrager stellt und darauf ein Tropfchen Leitungswasser hinzufiigt, 
so kommen nach 5-10 Minuten sehr viele Spermatozoiden heraus. 
Nach Entfernung des Antheridiums, welches schon die Spermato- 
zoiden ejakuliert hatte, wurde schwimmende Spermatozoiden ent- 
haltendes Wasser auf der Flamme, im Thermostat, oder an der Luft 
ausgetrocknet, Gewohnlich, vor dem ' Austrocknen des Wassers, 
Wurde der Dampf der Osmiumsaure zur Fixierung gebraucht. In 
dem vorliegenden Experiment aber zeigten die Form und der Far- 
bungszustand des Spermatozoids in beiden Fallen keinen Unterschied, 
Folglich, wenn man die Osmiumsaure nicht erhalten kann, geniigt 
allein das Austrocknen fiir die Farbung und Beobachtung des 
Spermatozoids. Fiir die Farbung wurde moistens Gentiana-violett 
gebraucht, auch Carbolfuchsin zugleich verwendet. Bei der Far- 
bung fugte ich auf den Punkt, an welchem die Spermatozoiden 
getrocknet wurden, ein oder zwei Tropfchen Gentianaviolettlosung 
hinzu. Nach 1-3 Minuten wurde das Farbungsmittel mit Wasser 

D Contributions from the Divisions of Plant-Morphology and of Genetics, 
Botanical Institute, Faculty of Science, Tokyo Imperial University, No. 178. 
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ausgewaschen wobei zugleich Differenzierung erzielt wurde. Man 
mu 13 das Wasser, welches fiir das Auswaschen gebraucht wurde, in 
dem Thermostaten ziemlich schnell austrocknen, urn die Differen- 
zierung nicht weiter fortschreiten zu lassen. Zuletzt wurde das 
Material mit Balsam eingeschlossen und unter ein Deckglas gelegt. 
Alle Mikrophotographien wurden mit Hilfe von Leitz “Makam” auf- 
genommen und alle Zeichnungen wurden mit dem Zeiss-Zeichen- 
apparat nach Abbe gemacht. Zu der Messung des Spermatozoids 
brauchte ich die Methode, die in den friiheren Unter suchungen 
(Miduno 1934, 1935) zur Verwendung kam. 

Die Morphologie des Spermatozoids 

In der vorliegenden Abhandlung ist die Bezeichnung eines jeden 
Teils des Spermatozoids wie in der vorhergehenden Arbeit (Miduno 
1934) vorgenommen. Auch das Spermatozoid der betreffenden Art 
kann man in vier Teile, namlich in das Kernstiick, die Zilie, die 
Stammsubstanz und das Plasmastiick, einteilen. 

Das Kern stuck: Die Form des Kernstiickes ist ahnlich der 
von Wiesnerella und Dumortiem ; nach Fixierung und Farbung aber 
ist das Kernstiick dieser Art starker gekriimmt als das der oben 
genannten zwei Arten. Die Dicke des Kernstiickes betragt am mitt- 
leren Tell etwa 0.65 , also auffallend dtinner als diejenigen von 
anderen Arten, ausgenommen nur das von Marchantia, welches das 
diinnste unter den bisher vom Verfasser 
beobachteten darstellt. Im lebenden Zustand 
zeigt es eine IV 2 malige Windung, im fixier- 
ten Zustand aber weist es keine Spiralwin- 
dung mehr auf, sondern streckt sich meisten- 
teils nach der Hufeisenform oder der Sichel- 
form (Abb. 1). Wo unreife Spermatozoiden 
ejakuliert wurden, zeigen die Kernstiicke 
runde Form, und entlang der Aufienseite des 
Kernstiickes laufen die Zilien in gleicher 
Kichtung mit dem Kernstiick. Das Kernstiick 
wird mit Gentianaviolett oder Carbolfuchsin 
einheitlich dunkel gefarbt, und beide Enden 
desselben Sind zugespitzt. Die Lange des ^ur an ihrem proximalen 
Kernstiickes betragt nach dem Mittelwert Teil gezeichnet. ca.6700x. 
von 200 Individuen 10.38 /n (Abb. 2) , somit ist das Spermatozoid 
von Rehoulid hemisphaericd am kleinsten unter den Spermatozoiden 
der Lebermoose, welche der Verfasser bis jetzt beobachtet hat. Als 
mifigebildete Form wurden einige Spermatozoiden mit ungewohnlich 
kleinem Kernstiick (6.9 /i) beobachtet (Abb. 11). Es ist denkbar, 



Abb. 1, Das normale Sper- 
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dafi diese Zwergspermatozoiden 



Abb. 2. Die Variationskurve in bezug 
auf die Lange des Kernstiickes. 

Lange d. Kern- 

stiickes (ij-) 7 8 9 10 11 12 13 14 
Frequenz 3 12 68 66 41 7 3 


noch unreif sind; die Zilien von 
gewohnlicher Lange und die hufei- 
senf ormigen Kernstiicke nach 
Fixierung und Farbung verneinen 
aber diese Vermutung und zeigen, 
dafi sie reif sind. Waiter konnte 
ich einige mifigebildete Spermato- 
zoiden, deren Kernstiicke wie bei 
dem Kernstiick des mifigebildeten 
Spermatozoids von Dumortiera an 
ihrem hinteren Ende zweifach ge- 
gabelt sind, beobachten (Abb. 12) . 
Das Ausmafi der Gabelung ist 
verschieden ; man kann Exemplare 
von einer dem normalen Typus 
sehr nahe stehenden Stufe bis zu 
der, an welcher zv/ischen vorderem 
und hinterem Ende nicht zu unter- 
scheiden ist, sehen. Abb. 3 zeigt 
schematiscb dieses verschiedene 
Ausmafi der mifigebildeten Spermatozoiden. 

Das Plasm a stuck haftet gewohnlich am hinteren Ende des 
Kernstiickes an. Es ist nach dem Berichte Miihldorf’s (1930) „end- 
standig”. Seine ge- 
naue Stellung, Form 
und Grdfis sind nicht 
bestimmt wie bei 
Wiesnerella (Miduno 
1935). Das Plasma- 
stiick farbt sich mit 
Gentianaviolett sch- 
wach, und im innere- 
ren Teil desselben 
warden einige dunkel 
gefarbte Punkte er- 
kannt, ihre Zahl und 
Form aber sind un- 
bestandig. Nicht alle 
Spermatozoiden haben ein Plasmastiick, sondern man kann auch 
viele Spermatozoiden ohne Plasmastiick finden. Vermutlich haben 
sie die Plasmastiicke wahrend des Schwimmens verlassen, da bei dem 
unreif ejakulierten Spermatozoiden das Plasmastiick immer be- 
obachtet wurde. 



Abb. 3. Die normale (a) und die mifigebildeten Formen 
{h-g) des Spermatozoids in zunehmendemGrad. ca. 4800 x . 
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Die Stamm substanz stofit an das vordere Ende des Kerii- 
stiickes. Sie scheint sehr gebrechlich zu sein, da die Form derselben 
bei dem Strichpraparat unbestandig ist. Abb. 4 zeigt die Form, 
welche am haufigsten beobachtet wird. 

Die Stammsubstanz farbt sich mit Gen- 
tianaviolett schwach. Die Grenzlinie 
zwischen dem Kernstuck und der Stamm- 
substanz ist klar und man kann oft die 
getrennte Stammsubstanz finden (Abb. 

9) . An 'der besprochenen Art kann man 
die Basalkorner erkennen, aber nicht die 
Spitzensubstanz, welche in Wiesnerella 
beobachtet wurde (Miduno 1935). 

Die Zilien entstehen von den Basal- 
kornern in der Stammsubstanz wie die 
Spermatozoiden der anderen Lebermoos- 
arten. Die Zahl der Zilien ist zwei. Die 
Lange der beiden Zilien ist ungleich, und 
die Differenz zwischen der Lange beider betragt gewohnlich 5 /a . 
Dieser Unterschled ist zu groh, dafi man ihm als Messfehler ansehen 
konnte. Abb. 5 und 6, die nach der Messung von etwa 200 Spermato- 
zoiden gezeichnet wurden, zeigen die Variationskurve und die Mittel- 
werte fiir die langaren und kiirzeren Zilien : 34.94 fi und 29.85 ii . Das 
Verhaltnis zwischen Zilienlange, welche aus dem Durchschnitt beider 
Zilienlangen erhalten wurde, und Korperlange (Lange des Kern- 
stiickes) ist 3. Diese Zahl ist die grohte unter den bisher vom Ver- 
fasser beobachteten Lebermoosarten und ein wichtiges Merkmal fiir 
diese Art. Demgemafi kann man verstehen, dafi beim Spermatozoid 
dieser Art die Zilie im Verhaltnis zum Kernstuck lang ist. Die Zilien- 


'r.- ; 


- f f. 


Abb. 4. Der vordere Teil des 
Spermatozoids. Von oben ge- 
sehen. (Scbematisch gezeichnet 
und stark vergroBert.) 



Abb. 5. Die Variationskurve in bezug auf die Lange der kiirzeren Zilie. 

Lange der Zilie (|J.) 24 26 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 
Frequenz 3 4 11 36 41 32 34 19 13 4 0 1 0 0 0 0 1 1 
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Abb. 6. Die Variationskurve in bezug auf die LSnge der langeren Zilie. 

Lange der Zilie (h) 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 46 46 47 
Frequenz 7 9 9 6 27 25 29 30 16 9 19 3 3 4 2 0 1 0 1 

lange der mifigebildeten Seprmatozoiden oder Zwergspermatozoiden 
ist gleich derjenigen der normalen Spermatozoiden, und der Mittel- 
wert der Zilienlange einiger mifigebildeter Individuen zeigt 36.6 ,u . 

Folglich ist das Verhaltnis 
zwischen Zilienlange und Kor- 
perlange erstaunlich grofi, nam- 
lich 5 (Tabelle 1). Diese Tat- 
sache zeigt die Beziehungen zwi- 
schen dem Kernstiick und der 
Zilie wahrend ihres Entwick- 
lungsprozesses, namlich dafi 
selbst wenn das Kernstiick sich 
mifigestaltig entwickelt, die 
Zilien doch normal wachsen. 
Vermutlich stellt diese Erscheinung ein interessantes Problem in 
bezug auf Blepharoplast dar. Ausnahmsweise konnte der Verfasser in 
den zahllosen Spermatozoiden fiinf Exemplare mit drei Zilien finden 
(Abb. 10). Seit Schowalter (1926) in Riccardia pinguis ein Sper- 
matozoid mit drei Zilien gef unden hat, hat der Verfasser in drei 
Lebermoosarten, namlich in Diimortiera (Miduno 1934) , Wiesnerella 
(Miduno 1935) und jetzt in Reboulia, Spermatozoiden mit mehr als 
zwei Zilien beobachtet. Folglich ;gibt es jetzt unter den Lebermoosen 
vier Arten, einige deren Spermatozoiden mit mehr als zwei Zilien 
versehen sind. Bei der besprochenen Art ist die Stammsubstanz sehr 
kurz, und es war sehr schwer, die Entfernung der Basalkorner sogar 
bei dem Spermatozoid mit zwei Zilien klar zu sehen. Da Spermato- 
zoiden mit mehr als zwei Zilien zu wenig gefunden worden waren, 
erwies es sich als unmoglich zu bestimmen, ob es bei solchen Sper- 
matozoMen zwei oder mehr Basalkorner gibt. Die Zilienlange der 
mit drei Zilien versehenen fiinf Spermatozoiden ist wie in Tabelle 2 
gezeigt. Die Spitze der Zilie gabelt sich in zwei Teile, wenn die 


Tabelle 1. Das Verhaltnis zwischen Zilien- 
lange und Korperlange des normalen Sper- 
matozoids und des Zwergspermatozoids 



Normales i Zwerg- 
Spermatozoid spermatozoid 

Zilien- / 
lange / 

/ 

KOrper- 
/ lange 

3 

5 
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hufei 


Abb. 7-12, ca. 1200X. 7. Ein normales Spermatozoid mit zwei Zilien. Man kann die 
gegabelte Spitze der Zilien sehr deutlich sehen. 8. Das Spermatozoid zeigt die 
Basalkdrner ziemlich klar. 9. Die getrennte Stammsubstanz und das Kernstiick. 
10. Das Spermatozoid mit drei Zilien. 11. Das Zwergspermatozoid. 12. Das miB- 
gebildete Spermatozoid. Ende des Kernstiickes ist zweifach gegabelt, 

beiden Zinken auch nicht immer geoffnet sind, und zwischen beiden 
Zinken kann man die Plasmasubstanz erkennen, welche mit Gentiana- 
violett schwach gefarbt wird (Abb. 7) . 


Tabelle 2. Der ZilienlSnge der mit drei Zilien versehenen fvinf Spermatozoiden 


Spermatozoid I Kernstiick I 1. Zilie 


3. Zilie Gesamtsumme 


Mittelwert | 9.6 | 26.2 | 28.4 | 31.2 | 85.£ 

Tabelle 3. Die Morphologie des jeden Teils von FeboMfe-Spermatozoid 


Korper (Kernstiick) 


[ vor- bin- | ^ ipiasma- 

From ILange Dickejderes teres Zabl Spitze Korper- L+iickes 

I Ende Ende lange 

1 gere i zere I . 


lO.BSv 


igega- „ 
, belt 
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Die oben erwahnten Merkmale des Spermatozoids der in Betracht 
kommenden Art warden in der Tabelle 3 wiedergegeben. 

Zusammenf assung 

1) Das Kernstiick ist hufeisenformig oder sichelformig, und 
die Lange desselben ist 10.38 ,a . Ausnahmsweise warden Kern- 
stiicke, die 2/3 so lang wie die normalen sind, gefanden. Aach Kern- 
stiicke, deren beide Enden in verscbiedenem Aasmabe zweifach 
gegabelt sind, warden gefanden. 

2) Das Plasmasttick der reifen und schwimmenden Spermato- 
zoiden war nieht immer za finden. Die Form des Plasmastiickes ist 
anbestandig. 

3) Die Zahl der Zilien ist gewohnlich zwei. Als Aasnahme 
warden fiinf Spermatozoiden mit drei Zilien gefanden. 

4) Bei Reboulia hemisphaerica sind die Zilien im VerMltnis 
za den Kernstiicken lang. Das Verhaltnis zwischen diesen beiden 
ist 3, demgemafi ist die Zahl bei weitem grofier als hei Mar chantia, 
Conocephalus, Dumortiera, oder Wiesnerella. Darin findet man also 
ein aaffallendes Merkmal fiir diese Art. 

5) Bei dem Zwergspermatozoid ist die Zilienlange gleich der 
des normalen Spermatozoids, and das Verhaltnis zwischen Zilien- 
lange and Korperlange wird ungewbhnlich grofi, namlich 5. Hieraus 
kann man ein wichtiges Problem in bezag aaf das Blepharoplast 
ersehen. 

Zam Schlab sei es mir gestattet, meinem hochverehrten Lehrer, 
Herrn Dr. Y. Sinoto, nach dessen wohlwollendem Vorschlag ich diese 
Forschung machte, an dieser Stelle meinen herzlichsten Dank aas- 
zasprechen, 

Ein Teil der Aasgaben fiir diese Arbeit ist darch Gewahren einer 
Stiftang seitens der Japanischen Gesellschaft zar Forderang wissen- 
schaftlicher Forschungen getragen worden, wofiir der Verfasser 
hiermit seinen verbindlichsten Dank ausdriickt. 

Genetik-Abteilung, Bot. Inst., Natnrwissen- 
sehaftl. Fakultat d. Kaiserl. Universitat Tokyo 
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The Discovery of the Relation Between the Nucleolus and 
the Chromosomes 
By 

Prof. R. Ruggles Gates 

The last decade has seen a striking advance in our understanding 
of the origin of the nucleolus in the mitotic cycle and its relation to 
the chromosomes. In tracing briefly the history of this development, 
which represents a major discovery in relation to the organization 
of the nucleus as a whole, we may treat the subject as an instance of 
the methology of science ; for it illustrates how a slight increment of 
knowledge may lead to a complete change or reversal in the point of 
view. In this connection it will be necessary to refer only to soma 
of the more essential papers, and a full consideration of the literature 
will not be attempted. 

Early cytological observers frequently noted some connection 
between the nucleolus of plant cells and the network of the nucleus. 
For example. Wager (1904), in the root tip cells of Phaseolus, re- 
garded the nucleolus as suspended in the “nuclear network” by 
numerous fine threads. He concluded that “the nucleolus simply 
forms part of the nuclear network”, and believed it to be concerned 
in prophase with the formation of the chromosomes. Strasburger 
had previously conjectured that it played some part in the formation 
of the spindle. At a still earlier period, Farmer (1896) had concluded 
from many observations on the spore mother cells of various Liver- 
worts that the nucleolus was associated with the chromosomes by 
means of delicate threads “in an unmistakable and remarkable man- 
ner”, and he was inclined to support the view that some of the 
nucleolar material was passed into the chromosomes. 

The first evidence of a definite morphological relation between 
nucleolus and chromosomes came much later and was contained in 
a paper by Latter (1926) on the pollen development of Lathyrus 
odoraUis. By careful destaining, she was able to demonstrate in the 
nucleolus of the pollen mother cells during the meiotic prophase a 
more deeply staining and peripherally placed area to which she gave 
the name nucleolar body. This body was seen to be present and con- 
spicuous in the leptotene, zygotene and pachytene stages of the 
nucleus, it frequently projected as a papillate or lens-shaped structure 
from the surface of the nucleolus and, most significantly, it was found 
throughout the thread stages to be constantly attached to the 
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chromatin thread, one loop of the “continuous spireme” always pass- 
ing through this body. An attachment, which was obviously of 
morphological significance, was thus established between the chroma- 
tin thread and the nucleolus in prophase. 

In a series of further papers from this Laboratory, such a fixed 
relationship was soon established in the pollen mother cells of a 
number of plants. Sheffield (1927) and Gates and Sheffield (1929), 
showed it in Oenothera; Gates and Latter (1927) in Lathraea, where, 
in some cells, there were two such attachments instead of one; 
Latter (1932) in Malva sylvestris; Selim (1930) in rice, where, in 
some varieties, two nucleoli were usually found in contact, with a loop 
of the thread attached at their point of contact. These observations 
were confined to pollen mother cells. 

As we have seen, it was frequently assumed in the early literature 
that the nucleolus gave up some of its material to the “spireme” either 
directly or indirectly, and that there was a flow of chromatin along 
the thread. Fikry (1930) subjected all such theories to a stringent 
criticism and pointed out the difficulties which they involved. 

Another line of observations which led towards the present point 
of view began with the discovery of satellites or trabants on the 
chromosomes of Galtonia by S. Navashin (1912) . He was led to con- 
clude, from studies of somatic prophases, that the satellites were at 
first attached to the nucleolus, while the body of a certain pair of 
chromosomes at an advanced stage of condensation moved up to the 
nucleolus and drew the satellites away. Baranov (1926) found in 
Drimiopsis maculata (2n = 64) that the satellites were of two sizes, 
4 large ones attached to the long chromosomes and 12-16 small ones 
belonging to the short chromosomes. In prophase these satellites 
were all attached to the nucleolus and were believed to be lifted off 
later by their respective chromosomes. Similar conditions were seen 
at the leptotene stage and at synizesis. Probably in all such cases 
the delicate thread connecting the prophase chromosome to its satellite 
was broken in the process of fixation. Navashin was correct in find- 
ing that a pair of satellites were associated with the nucleolus, but 
much later evidence shows that they generally remain attached to the 
rest of the chromosome by a delicate thread of varying length. Smith 
(1933) showed in Galtonia that the satellites remain attached .Lo 
their respective chromosomes in prophase while generally remaining 
in contact with the nucleolus. He also found that in meiosis the two 
satellite chromosomes form a bivalent whose satellites are indepen- 
dently attached to the nucleolus, sometimes with a constriction or bud 
of the nucleolus at the attachment region. No fixed differences in 
size of satellites were found in this material. 
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Satellites are now a familiar feature in the morphology of plant 
i and animal chromosomes. The papers concerned with them are muoh 

I too numerous to enumerate here, but references will be made to a few 

I papers to indicate their range of occurrence and variation in 

structure. . 

S. Navashin (1927) found an “asymmetrical” race of Galtonia, 
having a large and a small satellite attached to the nucleolus in root- 
tip nuclei. Similar conditions have since been found in a number of 
other plant genera. In tetraploid cells with resting nuclei he figures 
two large and two small satellites attached to the nucleolus. Taylor 
j (1926) found a single plant of Allium in which the root-tip cells con- 

1 tained, instead of a pair of J~shaped chromosomes each with a satellite, 

one such chromosome having two satellites arranged tandem. It is 
not clear what has happened in this case. The duplication of the 
satellite may have been through translocation from its homologue. 

Philp and Huskins (1931) concluded from a study of the ever- 
sporting races of Matthiola incana that they have a heteromorphic 
pair of (A) chromosomes, one of the members having lost a satellite, 
pure singles and doubles having no such loss. These results have, 
however, been disputed (Westergard, 1936) and are therefore in 
i doubt. 

De Mol (1926), from an examination of seedlings of Hyacinthus, 
found that the number of nucleoli in the cells was a reliable guide to 
the polyploidy of the plant, diploids having generally two nucleoli, 
triploids three and tetraploids four. Moreover, the simple nucleoli 
were all of the same size, the complex or fusion nucleoli when they 
occurred being larger. Kuhn (1928) gives a list of plants with sat.- 
chromosomes. He examined 37 species of Thalictrum and found that 
all have trabants, and he concluded that univalent idiograms ap- 
parently never have more than one pair. 

Heitz apparently deserves the credit for recognizing the true 
i relation between nucleolus and chromosomes. He studied (1931a) 

the somatic mitoses in a number of plants, including 9 Dicotyledons, 
2 Monocotyledons and one Liverwort, and from ..these observations 
concluded that the nucleoli arise in telophase from the satellites on 
a certain chromosome pair, the two nucleoli fusing to form one if the 
members of the pair were near enough together to bring the nucleoli 
into contact. In another paper (Heitz, 1931b), he examined 33 
species of Vicia, finding two or four satellited chromosomes normally 
present in each. He concluded that all plants probably have satellited 
chromosomes which give rise to the nucleoli in telophase, but he found 
that a single lagging chromosome which has no satellite may 
nevertheless produce a small nucleus containing a nucleolus. 

i 
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In the same year McClintock (1931) published figures and 
photographs of the pollen mother cell nuclei of Maize showing the 
zygonema attached to the nucleolus, but without reference to the 
earlier work on this subject. Further photographs showing the 
same relationship incidentally to a study of zygotene stages were 
published later (1933), and the satellited chromosome pair in maize 
is now known to be chromosome VI. McClintock (1934) studied in 
detail a case of reciprocal translocation between chromosomes VI and 
IX in maize. She called the deeply staining body at the point where 
the sat.-chromosome is attached to the nucleolus the nucleolar- 
organizing body. In the case of translocation studied, the break 
had occurred at this body, which was thus divided into two unequal 
parts, both interchanged chromosomes possessing a portion. Each 
portion developed a nucleolus, so that plants homozygous for the 
interchange developed four nucleoli in their somatic telophase while 
those heterozygous for it developed three. The nucleolar-organizing 
body of McClintock is evidently essentially the same element as the 
nucleolar body of Latter (1926) . From other observations McClintock 
concluded that the number of nucleoli in somatic telophases is 
correlated with the number of sat.-chromosomes, haploid cells having 
one, diploids two and triploids three. It was also found that certain 
genomic deficiencies in maize interfere with the nucleolar body and 
lead to the formation of many small scattered nucleoli. It is con- 
cluded that these nucleoli are formed by the collection into droplets 
of the matrix of the chromosome. 

The nucleolar body then appears to act normally as an organiz- 
ing centre at one locus of a particular chromosome pair, apparently 
controlling the disposal of the matrix material of the chromosome 
which is given up in telophase and may be, at least in part, dis- 
tributed to the chromosomes again in the following prophase. 

Heitz (1933 a, b) has shown that in various species of Droso- 
phila the X- and Y-chromosomes are attached to the nucleolus in 
prophase, the Y having a visible satellite and being composed almost 
entirely of deeply-staining heterochromatin (non-genic) while the 
proximal half of the X-chromosome of D. melanogaster is hetero- 
chromatic and the distal half euchromatic (pale-staining) . The rela- 
tionships of the nucleolus and chromosomes in the salivary gland 
nuclei in several species of Drosophila have recently been investi- 
gated by Frolova (1936), who finds a definite body, the chromo- 
centre, in the nucleus, to which the proximal ends of all the chromo- 
somes are attached. In addition, a fine spiral thread which stains 
with Peulgen attaches the chromocentre to the nucleolus, and has a 
dendritic ending in the nucleolug. The attachment is therefore 


1937 


The discovery of the relation between the nucleolus and the chromosomes 981 

regarded as between the chromocentre and both the nucleolus and the 
X-chromosome, rather than directly between the nucleolus and the 
X. The origin of the chromocentre in the salivary glands is unknown, 
but it is suggested that it may arise from the union of the Leit- 
korperchen, or centromeres of all the chromosomes. 

That the nucleolus arises at telophase in animal cells in essential- 
ly the same manner as in plant cells is shown by the careful investiga- 
tion of Bearing (1934) on Amblystoma. He finds in the somatic 
cells a pair of chromosomes with rather large satellites. The history 
of these chromosomes is traced through mitosis and interkinesis. 
Each telophase chromosome consists of two chromatids, the sat.- 
chromoso-mes usually lying far apart so that two nucleoli are almost 
invariably present in the resting nuclei. Each nucleolus first appears 
in mid-telophase as two subterminal deeply-staining granules on 
the split chromosomes. These granules enlarge and fuse, the fusion 
body growing greatly in size and forming the nucleolus with the 
terminal satellite attached to it. In prophase the two nucleoli remain 
attached to their respective chromosomes, gradually diminishing in 
size until they finally disappear, leaving only the thread which attaches 
the satellite to the chromosome. 

In one larva all the epithelial cells contained three nucleoli, al- 
though the chromosome number (28) remained the same. The extra 
nucleolus occupied a position in one of the arms of a long 

U-shaped chromosome. This is an exception to the rule that the 
nucleolar body is subterminal in position, and also to the rule that 
an extra nucleolus generally indicates an extra genome in the cell. 

Isamu Stow (1935) finds a correlation between the presence of 
a satellite and the leaf shape in the genus Paris. In Paris and 
Trillium four of the five chromosomes are found to be homologous 
from species to species, but in the genus Paris the fifth differs from 
species to species. It is found that in Paris, as in Galtonia and 
Muscari, the loss of a satellite from one chromosome gives a plant 
of more vigorous growth. There is also' in Paris a change in the 
length-breadth index of the leaves, the breadth being greater in plants 
with a single satellite instead of two. In a study of the satellites of 
Narcissus, Fernandes (1935) claims to have shown wide variation in 
the size of satellites in the same plant, every transition appearing 
between (1) a body half as large as a chromosome arm, (2) a very 
small satellite, (3) a filament only and (4) complete absence of any 
trace in a particular pair of chromosomes. He therefore doubts the 
results of M. Navashin (1926) , who found in Crefis Bioscondis three 
types of plants having respectively two, one or no satellite in the 
ratio 43 :90 :42, the last type being non-viable and recognizable only 
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in the cell divisions of the embryos. It is well known that the 
apparent size of satellites varies with the depth of staining, and it 
appears probable that the variable results of Fernandes are due to 
insufficient control of this factor. In a series of interspecific hybrids 
of Crepis, M. Navashin (1927) found that in certain crosses a par- 
ticular satellite disappeared. This he termed amphiplasty. The author 
(1934) distinguishes between differential amphiplasty, which affects 
individual chromosomes, and neutral amphiplasty, which affects the 
whole genome. Disappearance of the satellite from one chromosome 
has been described in 13 different interspecific Crepis hybrids, always 
due to its fusion with the proximal end of the satellited chromosome. 
It appears, therefore, that it is the connecting thread which is really 
suppressed. The meaning of this and its relation to nucleolar forma- 
tion requires further investigation. 

. ■ In a further study of the satellites in Na^rcissus reflexus- and Ni 
bulbocodium, Fernandes (1936) refers to the region of the chromo- 
some which elaborates the nucleolus as the nucleologenic region. He 
finds that in N. bulbocodium L. var. genuinus around Coimbra there 
are no satelliferous chromosomes, but one pair of chromosomes has 
terminal heterochromatic (deep-staining) corpuscles which attach 
them to the nucleolus in prophase. This suggests a resemblance in 
prophase to the condition in rice (see below). In the prophase of 
mitosis in the pollen grain of this type Fernandes finds some grains 
with two chromosomes attached to the nucleolus and some with one, 
from which he concludes that in the somatic cells of this type three 
nucleolus-forming chromosomes are present. This may resemble the 
exceptional condition found by Bearing (1934) in Amblystoma, but 
the position is not clear, Lorbeer (1934) has also found in liver- 
worts (Frullania) that the nucleolar chromosomes are attached by 
their heterochromatic extremities to the nucleolus and have no fila- 
ment or satellite. In Sphaerocarpus Donnellii he figures the hetero- 
pyknotic X- and Y-chromosome attached to the nucleolus in prophase, 
while another pair pf chromosomes bear the satellite. Bruun (1932), 
in his comparative survey of the chromosomes in the genus Primula, 
finds no satellites in P. seclusa, although they are present in the 
related species. This is probably another case where the nucleolus- 
producing pair of chromosomes have no filament or the nucleolar 
body is terminal. 

In a recent paper Nandi (1937a) has investigated more fully 
the relation of nucleolus to satellites in the pollen mother cells of 
Oryza. He confirms the finding of Selim (1930) that when two 
nucleoli are present the zygotene thread is always attached at their 
point of contact. When a single nucleolus is present at zygotene a 


r937 The discovery of the relation between the nucleolus and the chromosomes 983 

pair of threads (imcondensed chromosomes) are attached to it, each 
by a terminal knob. In other words, there is no delicate thread be- 
tween the satellite and the rest of the chromosome, and the nucleolus 
is presumably produced directly by the terminal knob or satellite. 
In various other plants, where the nucleolar body is subterminal, 
the nucleolus as it grows must lengthen or stretch this intervening 
thread, for the satellite often lies on one side of the mature nucleolus 
and the body of the chromosome on the other, the thread lying over 
the surface of the nucleolus and generally remaining intact between 
them. At diplonema in rice the knobbed bivalent remains attached 
to the nucleolus, and this relationship continues into late diakinesis, 
when the bivalents are fully condensed and even after the nucleolus 
has greatly diminished in size preparatory to its complete disap- 
pearance. In somatic chromosomes, Nandi (1937b unpublished) 
found two pairs with satellites, supporting incidentally the view that 
Oryza saliva is a secondary tetraploid ; but as mentioned above, only 
one pair was found attached to the nucleolus in' pollen mother cells. 
The terminal knob in this case may possibly represent the nucleolar 
body, the very minute satellite and its thread having become invisible. 
Hedayetullah (1933) has found that the Indian variety of rice, 
“Kochi vittu’’, which has two large nucleoli of equal size (Selim, 
1930) when crossed with “Nabataf', an Egyptian variety with one 
large nucleolus, or with “White Aus”, a variety with two unequal 
nucleoli, gives hybrids with two unequal nucleoli in the pollen mother 
cells. 

It appears probable that there are two kinds of satellites; (1) 
those, generally larger, in connection with which the nucleolus arises. 
These are generally one pair, and when more than one this is probably 
due to primary or secondary polyploidy. (2) Those, generally 
smaller, which, in such plants as Drimiopsis maculata, do not take 
direct part in nucleolus formation. It is probable that in some cases 
where the spindle fibre attachment is subterminal the Leitkorperchen 
or centromere has been mistaken for a true satellite. 

Summary 

The discovery that a particular pair of satellited chromosomes 
is concerned in producing the nucleolus in telophase depended on 
several independent lines of observation. The satellites were first 
observed by S. Navashin in 1912 as bodies attached to the nucleolus, 
and were believed to become attached to their respective chromosomes 
later in the prophase. 

The earlier cytologists believed the nucleolus to arise as an 
independent body in telophase and to pass material on to the chro- 
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matin thread in prophase. A definite connection of morphological 
significance was first observed in pollen mother cells of Lathyrus by 
Latter in 1926, between the nucleolus and the chromatin thread, the 
latter being constantly attached in leptotene and zygotene stages 
to a more deeply staining portion of the nucleolus which was called 
the nucleolar body. 

In 1931, from observations of somatic telophase in various plants, 
Heitz concluded that a particular pair of satellited chromosomes was 
responsible for producing two nucleoli, or one if they were lying 
near enough together to touch and fuse. 

In 1934, from a reciprocal translocation in maize in which the 
nucleolar body was broken into two, McClintock concluded that the 
nucleolar body was situated at a particular locus of the chromosome 
adjacent to the satellite, and that this body was normally concerned 
in organizing the nucleolus from the material of the chromosome 
matrix. 

In 1934, essentially the same relationships were shown for 
animals by Dearing, through an investigation of the somatic nuclei 
of Amblystoma. Two subterminal granules on the split telophase 
chromosome were found to fuse shortly, afterwards grooving gradually 
into a nucleolus from that chromosome, which bears a large satellite 
at metaphase. 

Among subsequent observations, it is found that in the pollen 
mother cells of rice a terminal knob rather than a satellite is attached 
to the nucleolus, and that this attachment remains while the nucleolus 
gradually disappears. Primula seclusa and certain strains of 
Narcissus bulbocodium var. genuinus near Coimbra also appear to 
lack satellited chromosomes, yet produce a nucleolus. Similar condi- 
tions were found in Liverworts. The presence of a connecting thread 
is therefore unessential. 

A diploid nucleus in plants or animals then usually contains a 
pair of chromosomes which are mainly concerned in organizing the 
nucleolus in telophase at a particular locus. This locus is usually 
subterminal, giving a satellite attached by a thread, which may in- 
crease greatly in length as the nucleolus grows. 

Various other conditions are derivable from this through trans- 
location, or perhaps in some cases through mutation. Questions of 
variation in the size of satellites, or their disappearance, and their 
relation to particular phenotypic characters require further elucida- 
tion. 

There appear to be two kinds of satellites, one concerned in the 
production of a nucleolus and the other not. Why the nucleolar body^ 
should be generally subterminal on a chromosome is not clear, nor 
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is the nature of the delicate thread connecting the satellite to the 
chromosome. 
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Note added in. proof: 

A similar origin of the nucleolus in connection with particular 
chromosomes has recently been found in Protozoa (T. T. Chen, Proc. 
Nat. Acad. Sci. 22: 602-7, 1936). In the opalinid ciliate, Zelleriella 
intermedia, which is diploid, 2n = 24 and the chromosomes show con- 
stant structural differences. Some races of Z. intermedia have 4 
nucleoli and some 6. Each is formed on a separate chromosome and 
they are' always non-terminal. These nucleoli were previously mis- 
taken for massive chromosomes. They differ from those in other 
organisms in that they surround a portion of the chromosome, which 
is visible through the more transparent elongated nucleolus. In 
mitosis they do not disappear but divide and are carried to the poles. 
Thus the behaviour of the nucleolus in Protozoa differs in important 
respects from that in higher animals and plants. 
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Les chromosomes du genre Gryllotalpa grylL L. 

par 

H. de Winiwarter, Liege 
(19 figures dans le texte ) 

En etudiant le genre Mecostethus, McClung a constate chez 
trois representants de ce groupe (M. gracilis, grossus et lineatus) , 
line remarquable similitude de I’appareil chromosomial. — Non seule- 
ment le nombre des chromosomes est identique (23 chez le male, et 
24 chez la femelle) , mais leiir forme et leur arrangement a la meta- 
phase sont caracteristiques, au point que la simple inspection d’une 
plaque equatoriale permet de reconnaitre I’espece et d’affirmer qu’elle 
appartient au groupe Mecostethus. Cette identite se revele d'ailleurs 
encore plus complete, lorsqu’on etudie chaque chromosome indivi- 
duellement, car chez toutes les trois formes, on retrouve des chromo- 
somes identifiables grace a des signes particuliers, ce qui permet de 
les suivre durant la periode d’accroissement et les mitoses de matura- 
tion. McClung les designe sous les termes de “grand et petit an- 
neau”, “tetrade dimorphique” et “ditactic chromosome”, Et il conclut 
de la similitude de ces elements particuliers a Fidentite probable de 
tons les autres chromosomes de la garniture. 

II en resulte que dans un groupe bien circonscrit tel que celui 
dont il s’agit, les especes ne se ressemblent pas seulement par leurs 
caracteres exterieurs, mais encore par la forme et Torganisation de 
leurs chromosomes. En d’autres termes, la Constance de la structure 
cellulaire s’exprime parallelement dans celle de la structure du corps. 

Cette constatation est d’une grande importance generate. Si le 
materiel de McClung est particulierement favorable pour une etude 
de ce genre, il est cependant necessaire d’etendre ces investigations 
a d’autres groupes. Sur le propre conseil de McClung, j’ai repris 
le materiel de Gryllotalpa qui m’avait servi naguere a une etude du 
cycle chromosomique de yaces de provenances diverses ; ce sont les 
resultats de cette etude que je me propose d’ exposer brievement dans 
cette note. 

On salt que I’espece Gryllotalpa gryll. L. comporte trois races 
actuellement bien connues, d’apres leur habitat et leur formule chro- 
mosomiale: 1° une race septentrionale (Belgique, France, Allemagne 
et Italie du Nord), chez laquelle le male possede 12 chromosomes (10 
autosomes et 2 heterochromosomes). 
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2°) une race meridionale (Italic du Sud), dont la formule com- 
prend chez le male 14 autosomes et 1 hetero. 

3°) enfin, une race roumaine (VoiNOV), qui possede 17 chro- 
mosomes en moyenne> car cette ■ race se distingue par ' une grande 
tendance aux variations numeriques. 

A cote de GryllotaXpa;, gryll, {^vulgcLfis) , le genre renferme 
encore Gr. borealis et G. africam (a 23 chromosomes, soit 22 auto- 
somes et un hetero) , dont Taire de dispersion est beaucoup plus vaste. 

■ G, borealis de TAmerique du Nord est identique a la forme de 
I’Amerique du Sud, decrite autrefois comme une espece a part. G- 
borealis e&t une espece de petite taille, et frappe par la tete dont les 
yeux sont tres proeminents. Quant a Gr. africana, elle hahite non; 
seulement TAfrique, mais encore de larges territoires en , Asie, II 
ressort surtout des donnees actuelles que Gr. borealis et africana 
possedent des caracteres morphologiques suffisants pour justiher la 
constitution d’especes reelles, distinctes de Gr. gryllotalpa;. 

B'isons de suite que les trois races de Gryllotalpa gryll. ne dif- 
ferent que par le nombre de chromosomes ; mais aucun caractere 
distinctif externe ne permet de reconnaitre une race donnee en 
I’absence de I’analyse microscopique. Tons les entomologistes a 



Fig. 1-13, Gryllotalpa gryll. h. race septentrionale : 1, 2 et 3 spermatogonies : 12 
cbr.— 4, 5, 6, m^taphases I, a 6 Chrom, — 7 et 8 metaphases II, a 6 chrom.; (fig. 8. Y est 
le petit chromosome de droite). — race meridionale : 11, 12 et 13, spermatogonies k 15 
dhrom.— 12 et 13, rndtaphases I, a, 8 chrom. Le chromosome X en gris, sur un plan 
different de celui des autosomes.— -X 3600, 
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commencer par les plus autorises (Chopart, Uvarov, Barigozzi, etc.) 
sont d’accord pour considerer ces trois races comme appartenant a 
une seule et meme espece. C’est pourquoi j’ai prefere employer le 
terme de “race”, plutot que celui de variete ou de forme. 

Je discuterai plus loin comment on pent concevoir cette diffe- 
rence numerique des chromosomes chez les trois races en question. 
J’examinerai d’abord les particularites ou les ressemblances que Ton 
releve sur les plaques equatoriales, dans la forme des chromosomes 
et leur evolution. 

A.-Gonies. Dans les trois races (Cf. fig. 1 a 3, 9 a 11 et les 
fig. de Voinov) , les chromosomes sont bien etales, mais ne constituent 
jamais une veritable couronne autour du fuseau central (Cf. les fig. 1 
a 3 de McClung). Cette disposition est encore plus frappante chez 
Gryll. borealis (fig. 14 & 15) oii le nombre de chromosomes est deux 



Fig. 14-17. Gryllotalpa borealis, d’apres Payne (1912) ; 14 et 15 spermatogonies a!23 
chrom.— 16 et 17 metaphases I, a 12 chrom. x? 

fois plus eleve. On pourrait objecter que ces figures se rapportent 
non a des metaphases proprement dites, mais a un stade pre-equatorial 
par exemple, tel quhl se rnanifeste immediatement apres la dispari- 
tion de la membrane nucleaire et la liberation des chromosomes. Mais 
comme toutes les plaques equatoriales se presentent tou jours sous 
I’aspect qui vient d^etre decrit, il faut bien admettre qu’il s’agit de 
metaphases veritables, et que cette disposition est caracteristique 
pour I’espece Gryllotalpa. ■ 

'B.- Forme des chromosomes de la gonie. On retrouve reguliere- 
ment trois types de chromosomes : fers a cheval a branches egales ou 
inegales ; crochets ; batonnets plus ou moins longs. Les memes formes 
ont ete decrites et figurees par d’autres auteurs, (Payne, Voinov, 
Barigozzi), et le choix des couples homologues, effectue par Bari- 
gozzi et moi-meme, aboutit a des series absolument superposables. 
II ne pent done etre question de coincidences, et il faut admettre une 
Constance parfaite de forme, ainsi que de nombre relatif de chaque 
variete de chromosomes. Au contraire, par exemple, chez Mecoste- 
thus, tons les chromosomes de la gonie, sans exception, sont des 
batonnets dont seule la longueur differs, et possMant tous une inser- 
tion telomitique. 
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De part et d’autres, les metaphases de la gonie presentent done 
un aspect caracteristique qui, du point de vue cytologique, apparait 
comme une constante, au meme titre qiie les attributs externes, dis- 
tinctifs de I’espece. 

C.-Periode d’accroissement. A la telophase de la derniere divi- 
sion goniale, les noyaux sont petits et plus larges que hauts. Les 
chromosomes individuals echappent rapidement a Fobservation, a 
I’exception du ou des heterochromosomes. Qu’il s’agisse d’un X-Y 
(race septentrionale) , ou d’un seul X (race meridionale) , ces ele- 
ments se distinguent par leur forme massive et leurs bords plus 
reguliers, des autosomes en train de se resoudre en un reseau delicat 
et serre. 

Insensiblement, ce reseau reconstitue des filaments greles et 
■compliques (n. leptotenes) ; ces filaments d’abord onduleux, s’orien- 
tent ensuite, pour passer au stade synaptene et enfin au stade pachy- 
tene. Pendant cette transformation, le volume du noyau augments 
et les filaments se desserrent peu a peu. Apres la centrotaxie, les gros 
filaments remplissent a nouveau la cavite nucleaire. 

Durant toute cette evolution dont les aspects sont absolument 
identiques aux formes nucleaires de I’accroissement que j’ai series et 
decrits le premier, le seul element identifiable est I’heterochromo- 
some. Le couple X-Y est plus long que I’X isole, et generalement la 
composition double se revele par une encoche qui partage I’element 
en deux portions inegales. Ordinairement rheterochromosome 
s’accole au nucleole pour constituer un corps a forme de virgule, aplati 
centre la membrane nucleaire. Ces figures ont ete reproduites dans 
mon travail anterieur (1927). 

Quant aux autosomes, il est impossible de les distinguer les uns 
des autres. Cela tient a plusieurs causes, mais surtout a la petitesse 
des noyaux. Bien que le volume augmente regulierement depuis la 
derniere telophase, il n’est pourtant pas assez grand pour permettre 
aux chromosomes de s’etaler. Ceux-ci sont relativement nombreux 
et longs ; les filaments s’enchevetrent de fagon inextricable. Et meme 
apres le stade pachytene oriente, lorsque les filaments con jugues se 
repandent a travers le noyau, il n’est pas certain que les elements 
isoles dans une coupe, meme poursuivis sur une grande distance, 
correspondent a un chromosome complet. Les numerations ne sont 
d’aucun secours, puisqu’en raison de la longueur des chromosomes et 
le volume du noyau, il est rare que I’ensemble soit compris dans une 
seule coupe. 

Les chromosomes ne deviennent observables qu’a un stade un 
peu plus avance; ils se sont raceourcis et prennent tout d’abord la 
forme d’anneaux granuleux et irreguliers (fig. 18 et 19). 
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L’ aspect de tetrade ne survient que plus tard et d’ailleurs n’af- 
fecte jamais chez Gryllotalpa ime disposition en croix schematique, 
telle qu’elle apparait chez d’autres especes. 


19 

Fig. 18, 19. 18. Spermatocyte I. Gryllotalpa gryll. race sevtsTO-tvionale ; a gauche, le 
couple X—Y. x3500. 19. id. race meridionale, A droite, le chromosome X ; en bas, 
le microchromosome m. x3500. 

A ce stade, la forme septentrionale diff ere de la forme meri- 
dionale. La premiere possMe six chromosomes bivalents ; cinq 
anneaux et le couple X-Y. II est rare que Ton puisse observer tons 
les anneaux de face ; generalement appliques centre la membrane 
nucleaire, ils se presentent tantdt de face, a plat, tantot plus ou moins 
de profil. La fig. 18 est particulierement heureuse, puisqu’un seul 
anneau est vu de profil. Les autres, situes a des niveaux differents, 
ont ete projetes sur un seul plan dans le dessin. Le noyau est done 
complet et offre les six chromosomes du cyte. I. Parmi ceux-ci, un 
des anneaux est plus volumineux que les autres, qui de leur cote vont 
en decroissant regulierement. Le couple X-Y s’en distingue facile- 
ment par sa compacite et sa forme caracteristique. 

La race meridionale compte huit chromosomes, dans le cyte I. 
Parmi ceux-ci, il y a six anneaux, en general plus petits que ceux de 
la race septentrionale. Mais consideres dans leur ensemble, on peut 
les decomposer en un element de taille nettement plus volumineuse que 
les autres, ceux-ci etant regulierement decroissants par rapport a 
celui-la. En plus, il existe un chromosome en biscuit ou deux globules 
accoles que Ton peut interpreter comme un anneau petit et contracte 
a I’extreme. Il existe d’ailleurs des transitions qui justifient cette 
maniere de voir. Get element est evidemment le “microchromosome” 
de Voinov, dont il est I’exacte replique. 

Quant au huitieme chromosome, il est constitue par I’hetero- 
chromosome X, accole au nucleole. Ce dernier, avant de disparaitre, 
se modifie et prend une structure granuleuse, rappelant vaguement 
celle des autosomes a ce stade. L’emploi de la triple coloration permet 
de constater que Fheterochromosome se colore touj ours comme la 
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chromatine, tandis que Fappendice, derive dii pucleole, se colore 
comme ce dernier. 

Le stade des chromosomes en anneaux est long. II persists 
jusqii’a la premiere mitose de maturation; le seul changement qui 
survienne encore est une contraction, une condensation progressive 
des chromosomes qui finissent par devenir des elements allonges oti 
une vague f ente 'mediane rappelle T orifice central des anneaux temoin 
de la constitution bivalente des chromosomes. 

D. - Metaphases I et 11. Les chromosomes sont allonges sur le 

fuseau; par consequent, la vue de profil rend mieux compte de leur 
veritable forme qu’une vue polaire ou la coupe transversale. Dans 
la race septentrionale (fig. 4 a 6), la plaque est constituee de six ele- 
ments assez trapus, en groupe assez disparate, jamais en couronne 
reguliere. Le: couple X-Y n’est paS discernable, alors que de: profil 
on le recohnait aisement. (Cf. fig. 38 et 39, 1927) .' ■ 

Dans la race mtodionale, la plaque equatoriale composee de 
huit chromosomes, affecte beaucoup moins d’ordre encore, mais elle 
possede .ce detail caracteristique que le chromosome X est tou jours en 
avanee sur les autosomes. Ce qui se traduit sur les coupes trans- 
versales par la situation de FX sur un autre plan que les autosomes, 
au-dessus ou en-dessous de ceux-ci par rapport a Fobservateur (fig. 12 
et 13; cf. avec les fig. 58 et 59 de 1927). 

De plus, Fheterochromosome est couche dans le plan de la coupe 
(insertion telomitique), tandis que les autosomes sont perpendicu- 
laires a ce plan et interesses par la section. 

Malgre ces details, les metaphases I des deux races presentent 
un indiscutable air de famille. 

E. - Chromosomes de Gryll. borealis. - A titre de comparaison, les 
fig. 14 a 17 reproduisent des images de Payne (1916). On voit que 
les spermatogonies possMent 23 chromosomes qui sont des batonnets, 
des crochets et des fers a cheval comme chez Gryllotalpa gryll. mais 
ils sont en general plus courts et plus epais. La metaphase I est 
composee de 12 elements. Ici encore, les plaques equatoriales sont 
compactes, nullement ordonnees en couronnes. 

Les remarques faites a propos de Fespece europeenne, s’ap- 
pliquent done egalement a Fespece americaine. Les metaphases II 
comportent 12 ou 11 chromosomes selon la presence ou Fabsence de 
Fheterochromosome. 

Payne donne peu de figures de la periode d’accroissement, mais 
il semble qu’ici encore, oil reconnaisse une serie d’anneaux et un ou 
plusieurs microchromosomes du genre de celui signals par Voinov. 
Ce qui pourrait s'expliquer par la petitesse des chromosomes et leur 
nombre deux fois plus. grand. , 
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, ' Les chromosomes da genve, Gryllotalpa gryll. L. 

D’apres tout ce qui precede, il resulte que le genre Gryllotalpa 
gryllotalpa L. possMe en Europe une aire de dispersion assez etendue. 
Les specimens, recoltes a differ ents endroits, ne se distinguent par 
aucun caractere exterieur. Mais par centre, on connait trois races, 
differentes non seulement par le nombre des clironiosomes, mais encore 
par les heterochromosomes et la presence ou I’absence de chromo- 
somes “differentiels” selon I’expression de McClung. 

Nous nous trouvons done, a premiere vue, en presence de faits 
diametralement opposes a ceux de McClung. En effet, dans le genre 
J^ecostethus, aussi limite que Gryllotalpa, des especes distinctes, par 
des caracteres somatiques visibles, possedent une garniture chromo- 
somiale uniforme j usque dans des details tres speciaux, au point que 
1' auteur, croit pouvoir conclure a I’identite de tous les chromosomes 
de la garniture. , . . , 

Faut-il en deduire que Gryllotalpa ne rentre pas dans la these 
enoncee par McGlung, e’est a dire que, chez cette espece, les chromo- 
somes ne refletent pas la Constance des caracteres somatiques ex- 
ternes? Je crois, pour ma part, que les differences ne sont pas aussi 
profondes qu’elles paraissent a premiere vue. 

En effet, le point essentiel concerne le nombre de chromosomes, 
et il y a lieu en premier lieu de rechercher le pourquoi de cette diver- 
gence. J’avais, dans mon travail de 1927, emis I’hypothese d’une 
fragmentation des chromosomes. L’identite des figures publiees par 
Barigozzi, a meme permis a hauteur de preciser quels chromosomes 
de la race septentrionale se seraient fragmentes pour constituer les 
chromosomes de la race meridionale. : il s’agirait des couples deux 
et trois de la serie. L’heterochromosome Y, absent chez la race 
meridionale, se serait fusionne avec I’X chromosome dont les branches 
sont devenues legerement inegales, 

Je suis d’accord avec Barigozzi pour admettre la fragmentation. 
Mais en ce qui concerne le chromosome Y, je crois plutbt a une dis- 
parition qu’a. une union avec I’X. Deja Wilson a constate que Tele- 
ment Y semble en regression et sa disparition complete a ete observee 
chez plusieurs especes. Mais ‘BarigozzI’ en faisant appehau rapport 
nucleo-plasmatique, constate que le volume des noyaux chez lbs deux 
races meridionale et septentrionale sont egaux. Barigozzi envdeduit 
que la quantite de chromatine est identique, tout en etant repartie 
sur un nombre plus grand de chromosomes. . , . 

La tendance a la fragmentation -s’accentue dans la race roumaine. 
Elle aboutit ici au nombre de 17 chromosomes en moyenne, mais I’in- 
stabilite est telle que, chez une serie d’individus, le nombre varie de 
14 a 17. Nous ne savons pas si dans la race roumaine, le rapport 
nucleo-plasmatique est identique a celui des deux autres. A en juger 
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d’apres les figures de VoiNOV, en tenant compte dii grossissement 
employe, il semble bien qu’il en soit ainsi. 

Dans ces conditions, les chromosomes non f ragmentes sont en 
tout cas, comparables ; les autres le sont tout au moins quantitative- 
ment. Parmi les elements identifiables, nous trouvons tou jours un 
grand anneau, tranchant sur les autres qui vont en decroissant. Si 
nous faisons abstraction des heterochromosomes qui sont recon- 
naissabies precisement a cause de leurs allures aberrantes, un micro- 
chromosome apparait en meme temps que la fragmentation et se re- 
trouve dans la race roumaine. Cette constation est un argument en 
faveur de I’interpretation donnee plus haut; a savoir que le micro- 
chromosome serait un anneau de petite taille et tres contracte. 

II existe d’ailleurs de nombreuses ressemblances : dans la forme 
des chromosomes, la disposition des plaques equatoriales, les details 
de la periode d’accroissement et les quelques elements differentiels 
qui surviennent au cours de cette evolution. Mais ces ressemblances 
sont en partie masquees par la fragmentation des chromosomes. La 
cause profonde du phenomene qui est lie a I’habitat, nous echappe. 
Mais c’est la fragmentation qui altere la Constance du nombre, et de 
la sorte trouble secondairement la similitude des autres caracteres. 
Si Ton pouvait retablir le nombre des chromosomes, il est probable 
que Ton effacerait du .meme coup les divergences secondaires. 

Aussi je crois pouvoir conclure que Gryllotalpa gryll. ne constitue 
pas un exemple infirmant la regie etablie par McClung. En tenant 
compte du mecanisme des variations numeriques, les ressemblances 
apparaissent plus profondes et plus completes qu’il ne semble a pre- 
miere vue. Par consequent, ici encore, la Constance somatique se 
double de celle de certains chromosomes, peut-etre meme, ainsi que 
le pense McClung, de tons les membres de la serie. 

Auteurs cites 

Barigozzi, C, Boll, Labor. Zool. Portici, 1933.— id. Zeit. f. Zellf. u. mikr. Anat. 18, 
1933. 

McClung, C. E. Zeit. Zellf. u. mikr. Anat. 7, 1928. 

Ohmachi, F. Proc. imp. Acad. Tokio, 1929. 

Payne, J. Arch. Zellforsch. 9, 1912— ibid. 1912. 

Senna, A. Monit. zool. ital. 1911. 

Uvarov, B. P. Locusts and Grasshoppers. London, 1928. 

Voinov, D, Arch, de Zool. 54, 1914—63, 1925. 

Wilson, E. B. The Cell in Development and Heredity, 1925, 

Winiwarter, H. de. Arch, de Biol, 37, 1927. 


1937 


995 


On the Special Autosomes with Reference to the Sex- 
determination of Rumex acetosa, L. 

By 

Y. Takenaka 

Botanical Inst., Preparatory Dept, of Keijo Imperial University 

Introduction 

Since the sex-chromosome was discovered in Rumex acetosa 
(Kihara an,d Ono, 1923a, b) , Elodea canadensis (Santos, 1923) , and 
Melandrium^ (Blackburn, 1923, Winge, 1923) the investigations of 
sex-chromosomes in angiosperms have been carried on very actively, 
and the latest compilation by Sinoto (1929) shows that 51 species of 
higher dioecious plants contain so-called sex-chromosomes. Neverthe- 
less as far as the origin of sex-chromosome, or the phylogeny of the 
dioecious plants are concerned, there exists scarcely any explanation. 
The sex-chromosomes of Rumex acetosa have been, up to now, in- 
vestigated by many observers. First Kihara and Ono (1923), and 
then Sinoto (1924) ascertained that the chromosome complements of 
Rumex acetosa were 14 = 12a + 2X in the female and 15 = 12a + 
X + 2Y in the male. Shimotomai and Ono (1928) discovered the 
triploid and tetraploid intersexual plants, and a little afterwards Ono 
(1928) the triploid female. It was also Ono (1930a, b) who published 
then his studies on many intersexual acetosa and discovered the male- 
intersexual plant carrying 12a -f X -h 2Y chromosomes. Takenaka 
(1931) observed intersexual and male-intersexual plants containing 
12a + X + 2Y chromosomes and described new chromosomes as 
formed by translocation. Kihara and Yamamoto (1931) published 
their karyological investigations of abnormal forms of this species, 
while the latter successively reported the results of his karyological 
and physiological researches on the normal and abnormal plants 
(1932, ’33, ’34a, b, ’35, and ’36b) . Ono (1935) concluded that the 
sex was determined by the ratio of the sex-chromosome (X) to the 
autosome. The writer (1936a) stated that the ratio of the number 
of the autosomes to that of the sex-chromosomes is generally in 
proportion to the degree of appearance of the sexual organs, and 
that exceptions to this were seldom found. Yamamoto (1936a) 
observed the new chromosome made by translocation. Sato and .Sinoto 
(1935) discovered the triradial pairing and argued the occurrence 
of chiasmata of a tripartite sex-chromosome. Jensen (1936a, b) 
stated that the genus Rumex was compounded by hybridization and 
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that the so-called sex-chromosomes in Rumex were nothing more 
than an abnormality resulting from the previous hybridization of 
the species. It was explained by the writer (1935, ’36b) that the 
sex-disturbing factors in the male- and femaie-intersexual plants 
carrying respectively 12a + X + 2Y and 12a + 2X were not depen- 
dent on X- and Y-chromosomes, but had some relation to a few auto- 
somes. These plants were also produced by the writer through 
hybridization of normal wild plants collected from different districts. 
It was assumed by the writer from the results of both his karyological 
and his genetic studies, that the origin of the sex-chromosome in the 
dioecious plants which have not any remarkable phylogenetic rela- 
tionship might be accounted for by aberrant chromosomes trans- 
formed owing to irregular nuclear divisions. The object of this paper 
is to give an account of some advanced researches on the sex-influenc- 
ing chromosomes in the male- and femaie-intersexual plants. 

Material and Methods 

The materials in the present experiments were the progeny of a 
male-intersexual plant, family number XI, having a diploid chromo- 
some complement. The karyological studies on somatic cells of these 
offspring (Takenaka, 1936b) have shown that both male and male- 
intersexual plants received almost always 12a + X + 2Y chromo- 
somes, while both female and female-intersexaul plants 12a + 2X. 
For the research on the male- and femaie-intersexual chromosomes or 
factors, the following cross experiments were carried out : 

1. Normal female X male-intersex, 

2. Female-intersex x normal male, 

3. Abnormal* female x male-intersex, 

4. Female-intersex x abnormal male, 

5. Female-intersex X male-intersex, 

6. Abnormal female X abnormal male, 

7. Abnormal female x normal male, 

8. Normal female X abnormal male. 

' Before maturation, some branches of the plants were enclosed 
in paraflin-paper bags and after a week or more pollination was care- 
fully carried out by pollen-grains of the paternal plants which, were 
kept in the laboratory room so as to avoid contamination with foreign 
pollens. 


■: * The abnormal male and female plants are the offspring of family XI and 

of the 'female intersexes which are the progeny of family XI. 



Table 1. Fi results from normal 
female x male-intersex 
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Experiments 

Exp. I. Normal female x male-intersex 

This breeding experiment was carried out to ascertain whether 
or not the male-inter sexual chromosomes in the male-intersexual 
plants had any connection with the female-intersexuality. Pollina- 
tion was tried in the springs of 1934 and 1935, and seeds were sown 
in the autumns of 1934 and 
1935 respectively. Results 
were observed in the springs 
of 1935 and 1936. 

One female-intersexual 
plant (?) grew up from the 
mating of ‘^K-12 x 171-17”. 

In this plant, one flower 
only, among several hund- 
reds, was observed to have 
an anther-like element. 

Whether it is to be taken 
as female-intersex or female is uncertain. From these results it 
may be supposed that the male-intersexual plants are not concerned 
in the female-intersexuality. And two paternal autosomes (a' + /5') 
seem to be connected with the male-intersexuality when the certain 
of pollen-grains is neglected and the chromosome complements of 
paternal male-intersexes are all 15 = aa' + -f 8 autosomes -b X + 
2Y; because the ratio of cf to -H c? is 38:12, i.e. about 3:1, and the 
pollen-grains for the male-intersexual Fi are a quarter of the whole. 
So the chromosome-formulae of the male-gametes are as follows: 

a -f yS + 4 autosomes -h 2Y 
a + yS'+ 4 autosomes + 2Y 
a'-+- y5 + 4 autosomes + 2Y 
a' + j5'+' 4 autosomes + 2Y.. ' . 


Maternal 

No. 

Paternal 

No. 

Classification of Progeny 

d' -l-d’*? —9*9 

143-6 

121-14 

6 

7 



- 27 

K -12 

171-17 

— 

— 

__ 

1 (?} 8 

K -12 

17-134 

21 

1 

__ 

- 43 

K -10 

17-134 

3 

1 

— 

- 8 

K -6 

17-134 

2 

3 

— 

- 24 

K -22 

17-144 

5 

— 

— 

- 13 

K-26 

17-147 

2 

— 

— 

- 3 


Total 

38 

12 

- 

1 (?) 126 


+(? and -9 indicate respectively male- and female- 
intersex. 


Exp. II. Female'intersex x normal male . 

This hybridization was examined to ascertain whether the female., 
intersexual chromosomes were concerned in the male-ihtersexuality 
or not. Pollination was tried in the spring of 1936, and seeds thus 
attained were sown in the autumn of the same year. The results were 
observed in the spring of 1936. 

The results showed the facts that the maternal female-inter- 
sexual plants involved the male-intersexual chromosomes and that, in 
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Table 2. Fi results from female- 
intersex X normal male 


Maternal 

No. 

Paternal 

No. 

Classification of Progeny 
& +d' —99 

163-18 

K-11 

6 

. ' 


- 5 

17-96 

K-11 

8 

— 

— . 

. - 21 

211-6 

K-11 

6 

— 

— 

2 6 

162-18 

K-10 

2 

1 

— 

- _■ -2 


Total 

21 ^ 

: 1 • 

■ — 

■ 2 33 


the offspring, the female- 
'intersexual individuals were 
much . smaller in number 
than the female plants. 
From the latter fact the 
female intersex is supposed 
to be concerned with several 
autosomes. Accordingly all 
or most of the female plants 
(abnormal female) must 
carry some of the female inters ex-influencing chromosomes. As the 
number of plants ’resulting from the experiment was too small to 
permit determination of the number of the male- and female-inter- 
sex-influencing chromosomes carried from the maternal female- 
intersexual plants, the writer will give an account of it at some future 
time. 

Exp. III. Abnormal female X male-intersex 

The results of Exp. II showed that the abnormal female generally 
involved some autosomes concerning the female-intersex and that the 
male-intersex depended on the several autosomes of the female-inter- 
sex. And also the results of Exp. I showed that the abnormal female 
was capable of containing 
some male-intersexuai chro- 
mosomes. According to 
Exp. Ill, it may be possible 
to show several female-inter- 
sexual individuals, and the 
number of the male-inter- 
sexual plants may be greater 
than that in Exp. I. 

El results of Exp. Ill were in accord with the writer’s expecta- 

Exp. IV.. Female-intersex x abnormal male 

It may be assumed that in the case of the abnormal male, which 

is the progeny of family 


Table 3. results from abnormal 
female x male-intersex 


Maternal 

No. 

Paternal 

No. 

Classification of Progeny 

6 ' + 6 ' ? — 9 9 

17-143 

17-147 

3 

4 - 

8 

6 

17-164 

17-144 

2 

_ — 

3 

23 

170-4 

170-8 

1 

3 - 

2 

10 


Total 

6 

7 - 

13 

39 


tion. 


Table 4. Pj results from female- 
intersex X abnormal male 


Maternal 

No. 

Paternal 

No. 

Classification of Progeny 
d* S' ? — 9 9 

279-9 

264-43 

1 

6 

_ 

17 

22 

172-16 

17-166 

— 

"4 



2 

23 

17-166 

17-138 


3 

— 

3 

12 


Total 

1 

12 

— 

22 

67 


XI, some of the female- 
and male-intersex-influenc- 
ing chromosomes are in- 
volved among its chromo- 
some-complement. Then 
many more female- and 
male-intersexual plants 
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should be found here than are found in Exp. II. 

As shown in Table 4, many male- and female-intersexual plants 
were counted. . 

Exp. V. Femalc'intersex x male-intersex 
In this experiment more female- and male-intersexual plants may 
generally be expected than in Exp. IV. The results were contrary to 
the writer’s expectation, but the members of the male- and female- 
intersexual plants were 
found in greater number 
than in any other experi- 
ments; except Exp. IV. 

In this experiment, one 
intersexual plants was found. 

It might have germinated 
from the seed resulting from 
the combination of the ab- 
normal gametes, one of 
, which at least was made by 
incomplete meiosis, such as non-disjunction, 


Table 5. results from female- 
intersex X male-intersex 


Table 6, Fj results from abnormal 
female x abnormal male 


Exp. VI. Abnormal fe- 
male x abnormal male 

Kesults of this breeding 
experiment agreed with 
those expected, as shown by 
several male- and female- 
intersexual plants. 


Exp. VII. Abnormal female x normal male 

In this experiment, the 
writer anticipated the ap- 
pearance of a few male- 
intersexual plants; and the 
result was satisfactory. 

One intersexual plant 
found in this experiment 
might have germinated from 
the seed similar to that of 
the intersexual plant in Exp. 


Table 7. Pj results from abnormal 
female x normal male 


Exp. VIII. Normal female x abnormal male 

It was not necessary to carry out this experiment, because from 
the results of the preceding experiments no male- and female-inter- 


Maternal 

Paternal 

Classification of Progeny 

No. 

No. 

o’ 4-d' ? —9 9 

i 

17-160 

17-166 

1 - - - 16 

17-143 

17-138 

6 2 - 6 32 


Total 

6 2 - 6 47 


Maternal 

No. 

Paternal 

No. 

Classification of Progeny 

d* + <3* 9 — 9 9 

17-141 

K-11 

16 

1 

1-15 

17-103 

K-11 

5 

3 

- - 1 

17-85 

K-11 

3 

— 

- - 7 

17-98 

K-10 

— 

— 

- - 22 

17-143 

K-11 

19 

— 

— - 13 


Total 

43 

4 

1 - 68 


Maternal 

No. 

Patei nal 
No. 

Classification of Progeny 
c? -j- c? 9 — ? 9 

163-18 

17-144 

- - - i: 3 

17-166 

17-144 

2 2 - 4 10 

122-36 

276-5 

3 1-2 2 

17-156 

17-147 

8 - 1-7 

170-11 

170-8 

- - - 1 2 


Total 

13 3 1 8 24 
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Table 8. Fj results from normal 
female x abnormal male 


Maternal 

Paternal 

Classification of Progeny 

No. 

No. 

C? + ? — 9 9 

K-24 

17-138 

5 - - - 21 


sexual plants were expected 
to occur. This expectation 
was satisfactorily fulfilled, 
although the number of 
plants resulting from the 
experiment was too small. 


Discussion and Conclusion 

In the writer’s previous investigation (1936b) , it was explained 
that the intersexuality of male- and, female-intersexual plants, in 
which the chromosome-complements were diploid, was caused neither 
by X-chromosome nor Y-chromosome, but by particular autosomes. 

In the present work, Exp. I showed that paternal male-inter- 
sexiial plants gave niale-intersexuality to some male offspring. In 
the results of this experiment, the male-intersexuality was seen as 
determined by two autosomes; for the ratio of male to male-intersex 
was about 3:1: but these phenomena are not so simple, because it 
is doubtful whether the paternal materials have all the same chro- 
mosome-complements and whether they contain anything in addition 
to the chromosome-members necessary for the male-intersexuality. 

In Exp. II, it was pointed out that the female-intersexual plants 
gave female-intersexuality to some of their female offspring as was 
seen in the case of the male-intersexual offspring in the male-intersex. 
And now it is noteworthy that the male-intersexual chromosomes are 
included in the female-intersexual plants. 

The results obtained by Exps. I and II were still more clearly 
confirmed by Exps. Ill, IV, V, VI, and VII, and it was found that 
both abnormal males and abnormal females carried some of the male- 
and female-intersexual chromosomes. 

As suggested in the writer’s previous papers (1931, ’36b), these 
male- and female-intersexual chromosomes are supposed to be trans- 
formed from normal chromosomes by irregular divisions, such as 
deficiency, inversion, translocation, interchange, and attachment. 
Yamamoto (1935) also has described a case of simple translocation of 
a certain autosome of Rumsx acetosa-. Jensen (1936b) stated that 
sex-chromosomes in Rumex were nothing more than abnormality re- 
sulting from the previous hybridization of the species. Nevertheless, 
Ono (1935) and the writer (1936b) came to a definite conclusion in 
the studies of Rumex acetosw that an X-chromosome involves a fe- 
male-factor or gene and autosomes have connection with a male- 
factor or gene. As pointed out by Jensen (1936a) , some of the 
general phenomena seen in hybrids were also observed karyologically 
by the writer (1931, 1936b). 
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. Accordingly it is suggested that various forms of Rimex acetosa 
exist and are co-mixed in the fields. Winge (1932) stated that sex- 
chromosomes could be experimentally changed into autosomes. 
Marsden- Jones and Turrill (1935) observed six sexual types of 
Ranunculus acris, and stated that these variations were not due to 
the differences in the number of chromosomes, Hirata (1927) in- 
vestigated female- and male-intersexual plants of hemp and stated 
that dioecious forms had been evolved from hermaphrodite ones. 
Many investigators have studied the sex of maize. For example, Jones 
(1934) announced that the chromosomes of normal maize always 
included many male- and female-genes, and that in the dioecious 
plants specific genes promoted one sex and suppressed the other. 
Akemine (1935) made a study of various sex expressions of Coptis 
japonica and observed no heferomorphic pair in them. Von 
Ubisch (1936) tried to breed the hermaphroditic plants in Antennaria 
dioica, although no karyological investigation was carried out, and 
found a certain relationship among male, intersex and female. 

From what has been mentioned about Rumex acetosa., the writer 
has come to the conclusion that some of the autosomes of the male- 
and female-intersexual plants carried respectively the male- and fe- 
male-genes ; that the male-intersexual chromosomes weaken the func- 
tion of autosomes (maleness) and also the female-intersexual chro- 
mosomes suppress the function of X-chromosomes . (femaleness) ; and 
that the female-intersexual factors or genes are concerned with more 
numerous chromosomes than the male-intersexual factors or genes are. 
The origin of these sex-influencing chromosomes seems to be due to 
various irregular divisions of some autosomes. From this point of 
view, reversible phenomena are assumed between all hermaphroditic 
and dioecious plants in the vegetable kingdom, through irregular 
chromosome divisions or abnormal gene distributions. 
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Wirkiiche, abgeleitete und fragliche Weizenroggenbastarde 
(Triticale-Formeii) 

Von 

Professor Dr. Erich Tschermak-Seysenegg, Wien 

1. Beobachtungen am RiMPAU’schen WR-Bastard 

In der Zeitschrift „Der Zuchter“ 7. Jahrgang 1935, Seite 228- 
233 berichten M. Lindschau und E. Oehler iiber den von W. 
Rimpau (Schlanstedt) im Jahre 1888 erzeugten Weizenroggenbastard 
(WRB), der sich erst jetzt als ein konstant intermediarer additiver 
Bastard mit der somatischen Chromosomenzahl n = 56 (=2x14 + 
2 X 14) erwiesen hat, Amtsrat Dr. h. c. Wilhelm Rimpau’-) hat 
seinerzeit von der Pa und den nachsten Generationen dieses konstan- 
ten Bastardes einige Ahren oder Eorner an Freunde und Bekannte 
abgegeben, wie wir heute wissen auch an das landw. Institut in 


1) Wenn heute daran erinnert wird, daB bereits John Goss und Laxton (vergl. 
H. E. Roberts Plantshybridization before Mendel. ■ Princeton University Press, 
1929. S. 102-106) bei Kreuzungen griinkorniger Erbsen mit gelbkOrnigen die Dominanz 
von Gelb iiber Griin erkannt und in der 2. Saroengeneration die Konstanz der heraus- 
gespaltenen griinen und eines Teiles der geiben beobachtet und auf diese Weise 
wenigstens den Tatbestand eines MENDELfalles nachgewiesenhaben, somufi anderer- 
seits darauf aufmerksam gemacht warden, daB W. Rimpau (Kreuzungsprodukte 
landwirtschaftlicher Kulturpflanzen. Berlin. Verb P. Parey i891 Sonderabdruck 
aus: Landw. Jahrbiicher 1891.) bei seinen zahlreiehen Bastardierungen von Getrei- 
derassen die Uniformitat der eisten Bastardgenerationen sowie das Konstantwer- 
den mancher Merkmale bereits in der dritten Generation, z.B. der Begrannung bei 
begrannten x unbegrannteri Formen von Weizen und Gerste sowie der Vierzeiligkeit 
bei Kreuzungen von zweizeiligen mit 4 zeiligen Formen, klar erkannt hat (S. 31). Er 
sagt ferner auf Seite 24 ,, Nach meinen Beobachtungen an dieser Kreuzung Steudel 
Gerste: zweizeilig, bespelzc, begrannt, sehwarzxGabelgerste : vierzeilig, nackt, 
Kapuze, weiB, vermute ich, daB kein physiologisches Hindernis vor- 
liegt, jede beliebige Kombination von zwei vorhandenen Ger- 
stenformen (soil heissen; Formeigenschaften) durch Kreuzung 
zu erzielen". (Von mir gesperrt !) Aus seinen genauen Aufzeichnungen konnte 
ich seinerzeit bereits im Jahr 1901! das wahrscheinliche Verhalten einer ganzen 
Reihe von morphologischen Merkmalen bei unseren Getreidearten (Weizen, Gerste 
und Hafer) herauslesen und dariiber berichten. (Zeitschrift fiir das landw. Ver- 
suehswesen in Oesterreich 1901. Uber Zilchtung neuer Getreiderassen mittels 
kunstlicher Kreuzung. Kritiseh-historische Betraehtungen). Rimpau war auch sehr 
erfreut, daB ich ihm schrieb, daB er bei zahlenmaBiger Feststellung des Verhaltens 
ddr von ihm studierten Merkmale in mehreren Generationen sehr nahe daran gewesen 
ware, die MENDEL’schen Gesetze wieder zu entdecken. Er zitiert anch Fockes Buch 
„ Pflanzenmischljnge 1881'' bei Beschreibung seiner Erbsenkrauzungen und gauze 
Stellen aus demselben, so daB es direkt Wunder nimmt, daB er nicht auf Mendels 
Citat bei Focke gestossen ist. Jedenfalls haben wir alien Grund dem Altmeister der 
Deutschen Getreidezuchtung fur seine mustergiltigen Beobachtungen und Aufzei- 
chnungen dauernd dankbar zu sein. 
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Halle (wahrscheinlich direkt an Julius Kuhn), wie Holdefleissi> 
berichtet, sowie auch an A. v. Liebenberg in Wien. Hier fand ich 
diesen Bastard schon im Jahre 1899 im Garten der Hochschule fiir 
Bodenkultur angebaut vor. Wir besitzen hier den Bastard sowohl 
in „begrannter“ als in „unbegrannter‘" Form. Nach den Aussagen 
des Gartners der Lehrkanzel fiir Pflanzenproduktionslehre soil die 
begrannte Form schon im Jahre 1899 hier angebaut gewesen sein, 
wahrend die grannenlose Form erst spater, vielleicht sogar durch 
mich selbst nach Wien gebracht worden sei, Ich besitze selbst in 
meiner Sammlung drei Ahren des RiMPAU’schen WRB in unbegrann- 
ter Form, die ich entweder vor ca 35 Jahren von RimpAU selbst Oder 
von Hofrat Liebenberg erhalten habe. Rimpau war namlich so 
liebenswiirdig mir fiir einen Vortrag, den ich im Jahre 1902 im Klub 
der Land- und Forstwirte in Wien gehalten habe, seine Getreide- 
Kreuzungsprodukte, auf Tafeln aufgeklebt unter Glas und Rahmen, 
zur Verfiigung zu stellen und es kann sein, da(3 er mir damals auch 
das Muster seines WRB geschenkt hat, das ich, wie gesagt, heute 
noch besitze. Zwei Ahren sind noch vollstandig erhalten, von der 
dritten, die abgebrochen, nur mehr etwa ein Drittel. Die Spindel- 
langen der beiden unverletzten Ahren betragen 13.2 resp. 13.5 cm mit 
je 22 resp. 23 Ahrchen. Die eine von den unverletzten sowie die 
abgebrochene Ahre sind fruchtbar, die andere unverletzte ist voll- 
standig steril. Die fruchtbare unverletzte Ahre, deren Korner ich ihr 
erst jetzt entnommen habe — ^nicht ein einziges Korn war ausgefal- 
len ! — , enthielt 19 Korn. Die meisten Ahrchen entwickelten ein Korn, 
einzelne waren auch vollstandig steril, andere enthielten auch zwei, 
jedoch niemals drei Korner. Die Ahrenfarbe ist hellbraun, die 'Ahre 
grannenlos nur die Deckspelzen der Ahrchen an der Ahrenspitze 
tragen ganz kurze bis zu 1 cm lange Grannenstummeln. Die Ahre 
ist etwas breiter, als die von Rimpau-^ auf Tafel 6 Abb. 58 abge- 
bildete Ahre, hingegen annahernd so breit, wie die von F 2 abgebildete 
Ahre Fig. 59, die bedeutend langer war und ca 31 Ahrchen trug. Die 
Fi-Pflanze des RiMPAU'schen Bastardes produzierte nur 15 Korn, die 
Ahren waren viel schmaler und trugen langer e Grannenstummeln 
an der Ahrenspitze. Es ist eine mir wohl bekannte Erscheinung, 
dafi die unfruchtbaren oder stark sterilen grannenlosen Weizen- 
roggenabkommlinge langere Grannenansatze zeigen, als die frucht- 
bareren; auch sind die fruchtbaren Ahren infolge starkeren Absprei- 
zens der Spelzen natiirlich breiter als die sterilen. Die fruchtbarste 
Ahre des RiMPAU’schen WRB enthielt, wie Rimpau mitteilte, 53 Korn 
und dtirfte nach der Abbildung zu schliefien ca 31 Ahrchen, demnach 

1) Vergl, M. Lindschau u. Oehlee. S. 229. 

2) Vergl. W. Rimpau Kreuzungsprodukute l.c. 
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1.71 Korn pro Ahrchen entwickelt haben. Es ist allerdings anzuneh- 
men, dafiHiMPAU nicht die langsten und fruchtbarsten Ahren abge- 
geben bat. Die ganz sterile Ahre stammt vermutlich auch von einer 
ganz sterilen Pflanze der Fa von Rimpaus Bastarden, von welchen er 
12 Pflanzen erzogen hatte ; denn der spatere Nachbau, also ab Fg , 
diirfte nach unserem Material zu schliefien, wenn auch etwas sterile, 
so doch nicht mehr vollig unfruchtbare Pflanzen entwickelt haben. 
Auch bei meinen Aegilotricum- und Hdynaldtricum-Bast&Yden nahm 
die Fruchtbarkeit in Fa deutlich zu, weshalb auch die Ahren breiter 
und ansehnlicher wurden; ja, sie erfuhr in F 3 noch eine weitere 
Steigerung, um von da ab ziemlich gleich zu bleiben, Der Nachbau 
der begrannten und unbegrannten RiMPAU’schen WRB stimmt genau 

mit dem Ahrentypus der ^ , 

von Rimpau abgebildeten, 
ebenso mit den Figuren 

bei Lindschau und ' ' ' i/ 

Oehler uberein; die ■M 

begrannte Form unter- /w 

scheidet sich nur durch 11^/^ / 

den Besitz der Grannen ; , . / A' ■ ' mw 

von der unbegrannten. Sj • 

Ich habe von den beiden J 

Formen je eine besonders ■ ; wM ' ■ ’ ' 

gut entwiekelte Ahre ge- ' . ] ' 

messen und ihre Frucht- . ' j .... ■ 

barkeit bestimmt (Vergl. ' 

Abb. 1). Die begrannte ^ 

Ahre hat eine Spindel- 

lange von 16 cm, tragt ' _• 

28 Ahrchen, die 3-4 

bliitig sind und ab und 

zu 3 Korner entwickeln; 

die Ahre enthielt 55 Korn, . gH 

also ca 2 Korn pro Ahr- ^ 

chen. Die unbegrannte W W 

Ahre hat eine Ahren- 1 J ^ 

spindel von 15.8 cm Lange • ® ‘ 

mit 28 Ahrchen, die des ''^ 6 - 1- Begrannte end unbegrannte Form des 
c , RiMPAU’schen Original Weizenroggenbastardes. 

otteren 3 Korner ent- 

wickelten. Die Ahre enthielt 63 Korn also 2.33 Korn pro Ahrchen.^) 
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welchem 2 Korn pro Ahrchen angegeben werden, gut iiberein und hat 
spater nicht mehr ziigenommen, Beide Bastardformen meines Nach- 
baues haben die somatische Chromosomenzahl 2n = 56. Nach meiner 
Theorie der Chromosomenaddition (1) entspricht diese Zahl nicht 
irgendwelcher Form von echter Polyploidie, sondern einer Kern- 
chimarie d.h. dem Nebeneinandervorkommen eines diploiden Satzes 

von Weizenchromo- 
somen’ (Pr. vulgar e 21/ 
42) und eines diploiden 
Satzes von Roggen- 
chromosomen {Sec. 
cereale 7/14), also der 
Formel (2x21) + (2x 
7) =56 fiir somatische 
Mitosen ab Fa , somit 
eine Amphidiploidie. 
Die cytologische Ana- 
lyse (vergl. Abb. 2), 
welche die somatische 
Metaphase mit 2x (21 
+ 7) = 56 Kernschlei- 
fen in 3400 xVer- 
Abb. 2. Begrannter Weizenroggenbastard. Wurzel- groSerung darstellt 
spitze, Metaphase, 2n- 56. Vergr. ca 3400. yerdanke ich Frl. R. 

Wunderlich, die beim Chromosomenzahlen in dankenswerter Weise 
von ihrem Lehrer Prof. Dr. K. ScHNARF unterstiitzt wurde. 

Wie kann nun die begrannte Form des RiMPAU’schen WRB ent- 
standen sein, die wie gesagt, schon vor dem Jahre 1899 aufgetreten 
sein mufite? Die Annahme, dafi es sich um eine spontane Abanderung 
des urspriinglich grannenlosen WRB von Rimpau schon in den ersten 
Jahren seines Nachbaues handelt, gewinnt an Wahrscheinlichkeit, 
wenn wir die Beobachtungen beriicksichtigen, die Rimpau selbst an 
der Mutter seines WRB, dem „grannenlosen“ braunahrigen Sach- 
sischen Landweizen mit ca 22 Ahrchen pro ' Ahrenspindel gemacht 
hatte. Der Vater war der langbegrannte, langahrige Schlanstedter 
Roggen mit ca 40 Ahrchen an der Spindel. Der Bastard war natiir- 
lich grannenlos und sollte, da er sich als konstanter Additionsbastard 
erwies auch beziiglich der Grannenlosigkeit konstant bleiben. Spaltet 
ja doch mein Aegilotrieum II = Aegilops ovata (gelbkornig) x Triti- 
cum durum Arraseita (blaukornig) auch nicht beziiglich der Samen- 

1) Die cytologischen Arbeiten an meiner Lehrkanzel erfreuen sich der Forderung 
durch die deutsehe Forschungsgemeinschaft (Notgemeinschaft der Deutschen Wissen- 
schaft). Dieser sei auch an diesar Stelle der verbindlichste Dank ausgesprochen. 
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schalenfarbe, die vielmehr dauernd blau bleibt. Nun berichtet aber 
RiMPAU (S. 8), dafi der sachsische rote grannenlose Landweizen die 
Neigung hat ab und zu begrannte, sonst genau mit der Alisgangs- 
pflanze tibereinstimmende Pflanzen zu entwickeln, eine Erscheinung, 
die er als spontane Variation bezeichnete und auch bei anderen 
Kolbenweizen-Sorten beobachtete. Ich selbst babe solche spontane 
Variationen — ^besser gesagt : Mutationen, da die einmal aufgetretene 
Veranderung konstant bleibt — bei dem fast unbegrannten „Rimpaus 
friihen Bastardweizen” des dfteren beobachten konnen. Die in 
grofian Bestanden wiederholt auftretenden begrannten, vollstandig 
konstant bleibenden Formen stimmen im Abrentypus vollig mit der 
grannenlosen Form iiberein. In diesem Falle sind iibrigens, wie 
Rimpau berichtet, beide Eltern grannenlos, nur zeigen sowohl die 
Mutter, der friihe rote Amerikanische Weizen, sowie der vaterliche 
Squarehead im obersten Ahrendrittel ab und zu kurze Grannen- 
stummeln. Auch der Original-Bastard von Rimpau Fig. 48 auf Tafel 
6 zeigt solche und noch starker der Nachbau (vergl. die Abbildung 
der Ahre in dem Buche ,, Deutsche Hochzuchten“ herausgegeb. von 
Dr. Ramm Verb P. Parey Berlin 1926. Seite 90, wo iibrigens falsch- 
lich der amerikanische Landweizen als „begrannt“ angegeben wird). 
Es liegt also nahe, dah auch der grannenlose RiMPAU’sche WRB die 
Neigung hatte oder vielleicht auch heute noch hat spontan hach der 
Begrannung hin zu mutieren.^^ Hier sei nur kurz die Moglichkeit 
angedeutet, daO es sich, speziell bei nicht — spaltenden Artbastarden, 
um eine gelegentliche Auslosung einer Mutation durch Bastafdierung 
- — u. zw. bei Gegebensein einer „mutationsbereiten“ Elternform— 
handelt. Der Nachbau des RiMPAU'schen WRB hat heute noch eine 
verhaltnismaOig lange ansehnliche Ahre und bliiht mit weitgeoffneten 
Spelzen, was natiirlich bei der begrannten Form infolge des weiten 
Abspreizens der Grannen noch deutlicher zum Ausdruck kommt, und 
wird, wenn zu dieser Zeit noch ein Roggen bliiht (Infektionsqiiette!) , 
stark vom Mutterkorn befallen. Bei beiden Formen ist der Halm 
unterhalb der Ahre nicht behaart. Die Kornproduktion dieser spat- 
bliihenden und spatreifenden Bastarde ware an sich sehr befriedigend, 
da doch jedes Ahrchen der langen Ahren mindestens zwei Eorner ent- 
wickelt. Doch ist stets nur ein Teil der groOen Korner normal 
entwickelt, die anderen sind eingeschrumpft und keimen schlecht. 
Das war auch der Grund, warum der RiMPAU’sche WRB niemals in 
grofierem MaBstabe vermehrt wurde, obwohl, wie ich weifi, solche 
Versuche begonnen worden sind. Unterdessen sind auch von anderer 

1) Nach einer brieflichen Mitteilung des Enkeis von W. Rimpau, Herrn J. W. 
Rimpan, fiinden sich beraits in der vom. ersteren angelegten Schansammlung der WR 
Bastarde einzelne begrannte Individnen. 
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Seite (Meister, Taylor and Quisenberry und Muntzingi)) solche 
konstante WRB imter Chromosomenaddition, also mif 28/56 gewon- 
nen worden, die sich wohl alle fiir die erhoffte Steigerung der Korner- 
produktion nicht eignen werden. Kattermann setzt gewisse Hoif- 
nnngen auf eine neuerliche Kreuzung von Additionsbastarden rassen- 
verschiedener Weizen- und Roggenforraen. 

2, liber abgeleitete WR-Bastarde 
Auch von den Riickkreuzungsprodukten der von einer sterilen 
Fi abstammenden WRB mit Weizen oder Roggen scheinen diejenigen 
Typen, die der Fi in ihrem Aufieren nahe kommen, aber selbst die- 
jenigen mit Weizen- Aufierem, aber mit deutlich behaarten^ kurzen 
Halmen-) unterhalb der Ahre, beziiglich ihrer Fruchtbarkeit und 
Ausbildung ihrer Korner zu enttauschen. Auch ist es mir — im Gegen- 
satz zu Kattermann^)— bisher nicht gelungen die Behaarung unter- 
halb der Ahre, die auch aufierlich einen, wenn auch abgeleiteten WRB 
kenntlich machen wiirde, erblich festzuhalten, Individuen aus schein- 
bar bereits konstanten Linien (68 Indiv. in Fn) spalteten in F 12 
bezuglich der Halmbehaarung doch wieder auf, ja sie erzeugten in 
manchen Fallen wieder nur Individuen mit fehlender Halmbehaarung. 
Allerdings waren die Individuen gegen Fremdbestaubung nicht 
geschiitzt, die aber kaum in Frage kommt, da der Ahrentypus kon- 
stant blieb. Eine praktische Verwertung scheinen wenigstens bis 
heiite nur solche Abkdmmlinge aus WRB zu versprechen, die durch 
Riickbastardierung einer unfruchtbaren Fi aus Kombinationen von 
Triticiim vulgar e - — ^mit Secale cereale — Formen, riickgekreuzt mit, 
Triticum vulgare, erhalten worden sind. Unter solchen, dem Triticum 
vulgare vbllig gleichenden Individuen, die auch cytologisch mit 21/42 
als Tritieum vulgare gleichend bestimmt worden sind, lassen sich 
durch fortgesetzte Individualauslese vollstandig fruchtbare Formen. 
gewinnen, die bezuglich Ertrag aber auch bezuglich der Backfahig- 
keit des Mehles recht befriedigen. So wohl in Rufiland, Deutschland 
(Salzmtinde), in Osterreich und in der Tschechoslovakei sind An- 
bauversuche mit solchen Formen auch auf leichten sandigen, soge- 
nannten Roggenboden im Gange, um die Eignung der WRB als Rog- 
genersatz gerade auf solchen Bdden zu priifen. Sowohl begrannte als - 
unbegrannte Formen solcher Herkunft sind von dem Nachbau meiner 
eigenen WRB in Ziichtung. Leider sind in diesem Jahre einzelne 

1) Ver^I. die Literatur bei Arne Muntzing (Svalbf) Der Ziichter 1936 S. 188-191 
Uber die Entstehungsweise 66 chromosomiger Weizen -Roggen-Bastarde. 

2) Da6 mit dem Behaarungsmerkmal gleichzeitig auch ein halm ver kurzen der 
Faktor, wie Kattermann beobachtet hat, auftritt, kann ich bestatigen. 

3) G. Kattermann Pfianzenbau Heft Juii 1936. Genetische Ergebnisse bei WRB 
bisF 4 . Mitteilung II. Ober anscheinend konstante Bastardformen mit behaartem 
Halm, ihre Abstammung und ihre Merkmalsverhaltnisse. 
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dieser Linien, speziell der unbegrannten Formen, stark vom Gelbrost 
befallen worden, wodurch der Ertrag sehr gedriickt wurde. Es ist 
selbstverstandlich, dafi nun neuerdings der fruchtbare, fiir praktische 
Zwecke aber bisher nicht geeignete WRB mit 56 Chromosomen mit 
verschiedenen Weizenformen (Tr. monococcum 7/14, Tr. dicoccum 
und diccoides 14/28, Tr. durum 14/28, Tr. turgidum 14/28, Tr. 
vulgar e 21/42) und Roggenformen (durchwegs 7/14) riickbastardiert 
•wird, in der Erwartung vielleicht dock Gigas-Formen— unter reicli- 
licher Chromosomenaddition — zu erhalten, die in ihren die Lange der 
bisher geziichteten Triticum vulgar e-Formen ubertreffenden Ahren 
auch veil ausgebildete Korner entwickeln und auf diese Weise bisher 
noch nicht erreichte Ertrage liefern konnten. Meine diesbeziiglich 
schon vor einer Reihe von Jahren — als ich noch nicht wufite, dafi der 
WRB von Rimpau ein konstanter Additionsbastard ist — eingeleiteten 
Versuche ergaben aller dings bisher kein praktisches Resultat. 


3. Fragliche WR-Bastarde 

Schliefilich will ich als fraglichen WRB noch den von Katter- 
MANN (2) seit dem Jahre 1928 bearbeiteten „blauk6rnigen“ Weizen 
erwahnen. Derselbe soil aus einer Kreuzung einer Speltoidform des 
Moosbrunner begrannten Dickkopfweizens Triticum vulgar e var. 
erythrospermum (21/42) X Aegilops ovata typica (14/28) entstanden 
sein. Schon in Fi befand sich bei Beschreibung- einer Pflanze (Nr. 5) 
die Bemerkung iiber eine blaugriine Farbung von Kornern, Die blau- 
griine Farbung der Aleuronschicht ist es, die den Weizen „roggen- 
farbig‘‘ erscheinen lal3t. Die in den ersten Generationen festgestellte 
z.T. weitgehende Sterilitat sowie das Auftreten verschiedener Ano- 
malien an den Kornern und Ahren sowie cytologische Unter suchun- 
gen bewogen Kattermann zu der Annahme, dafi es sich um einen 
Gattungsbastard, wie er in den Akten beschrieben war, handle. Neu 
ausgefiihrte Speltoid-Aegilops Kreuzungen liessen aber bei Katter- 
mann Zweifel iiber die Beteiligung von Aegilops ovata an dem Ergeb- 
nis der urspriinglichen Kreuzung aufkommen und er ist jetzt der 
Ansicht, dafi wir es moglicherweise mit Kreuzungsprodukten zu tun 
haben, welche aus einer ungewollten, freien Bastardierung mit Roggen 
hervorgegangen sind. Dr. Kattermann war so liebenswiirdig mir 
von seinem Material eine Probe abzugeben, die ich zu lieuen Kreuzun- 
gen mit friiher reifenden Weizen verwendete. Das urspriingliche 
Material lieferte namlich einen spatreifen, wenig ertragreichen 
blaukornigen Weizen mit mehr langlichen Kornern. Durch Ein- 
kreuzung mit friiherreifenden Triticum vulgare-FoYmm habe ich 
jetzt blaukornige, friiher reifende, vollstandig fertile Weizen mit 
mehr rundlichem Korn erhalten, die eine iiberraschend gute Kleber- 
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qualitat des Mehles aufweisen. Die Ertrage dieser neuen blau- 
kornigen Weizen lassen aber noch imraer viel zu wiinschen librig. 
Doch besteht kein Zweifel, dal3 die Blaukornigkeit auch in ertragrei- 
chere Formen hineinkombiniert werden kann. Erst dann wird eine 
Entscheidung gefallt werden kdnnen, ob die immerbin bestechende 
Blaukornigkeit in Kombination mit guter Backfahigkeit des nur 
wenig diinkleren Mehles fiir die Praxis eine Bedeutung haben konnte. 
Es ist nun interessant, dafi wir korrespondierend zu unseren Kultur- 
getreideformen bei einzelnen Wildformen oder wenigstens den Wild- 
•formen noch nahestehenden Getreidearten eine blaugriine Farbung 
der Aleuronschicht und daher auch Xenien an den Fruchtstariden 
feststellen. konnen. So ist dies, bei einzelnen Wildformen des Eog- 
gens sowie bei Triticum aegilopoides-F OTmen, aber, wie: ich glaube, 
auch bei Aegilops-FoYmen z.B. bei Aegilops sharonensis und anderen 
Aegilo 2 :)s-Form.e'n, ferner bei Agrop'ymm-FoYmeiii, z.B. bed Agropyrum 
giganteum, sowie auch bei Hordeum bulbosum der Fall. In dem Garten 
der Hochschule fiir Bodenkultiir in Wien sind. auf einzelnen Rasen- 
flachen Hordeum^ dMlhosum-Pflanzen aufgegangen, die gewifi von 
meinem in Tdpfen gezogenen Hordeum 5zti6osttm-Material abstam- 
men, das ich seinerzeit von Prof. Koernicke sen. aus Bonn erhalten 
hatte. Bei genauerer Untersuchung der Samen und der briichigen 
Ahren ini vorigen Jahre konnte ich feststellen, dafi in den einzelnen 
Ahren einiger Pflanzen gelbe und intensiv dunkelgriin sowie licht- 
violett gef^bte K5rner vorkommen, die griinen oder violetten stets in 
der Minderzahl. Es wiirde dies darauf hindeuten, dafi auch hier, wie 
beim blauen Weizen, der Erbgang der Aleuronfarbung ein rezessiver 
ist. Da ich bereits homozygot-griinkornige H. bulbosum-FfiSinmii her- 
angezogen habe, werde ich schon im nachsten Jahre bereits iiber die 
Xenien bei Hordeum bulbosum Genaueres berichten konnen. Katter- 
MANN nimmt einen Erbfaktor F fiir blaukornigen Weizen (FFhh) 
und einen Hemmungsfaktor H bei gewbhnlichen Weizen (ffHH) an. 
Die Klassifikationsschwierigkeiten bei der Selektion sind erhebliche, 
da die Farbung manches Mai nur in Spuren auftritt. Auch kommen 
des dfteren in rein blauen Stammen einzelne gelbe Korner vor, die 
meines Erachtens nicht auf Fremdbestaubung zuriickzufuhren sind. 
Wir werden daher keinen Fehlschlufi machen, wenn wir die Far- 
bung der Aleuronschicht bei unseren Kultur pflanzen 
mit dem analogen Vorkommen derselben schon bei 
einzelnen Sippen der Wildformen in eine stammes- 
geschichtliche Beziehung bringen. 

Nach meiner Meinung diirfte es nicht notwendig sein die Blau- 
farbung des Weizens auf eine Bestaubung mit dem Roggen zuriick- 
zufilhreii. Bei den zahlreichen Riickbastardierungen meiner aller- 
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dings in Fi sterilen WR-Bastarde, sowie des fertilen WRB von 
RiMPAU mit gut griinkornigen Roggenrassen ware dock das Auf- 
treten von Xenienfriichten in den nachsten Generationen wahrschein- 
lich gewesen. Berner wurde in diesem Jahre eine bereits 5 Jahre 
iang konstant gebliebene blaukornige Weizenform mit einer gut griin- 
kornigen Roggenrasse bastardiert und zeigten die wenigen (8), 
allerdings zum Teil nicht gut ausgebildeten Kbrner ein Farbloswerden 
der Aleui-onschicbt des sonst blaukbrnigen Weizens. Es wiirde dem- 
nach, wenn sich bei Wiederbolung dieses Versucbes in grofierem 
Mafistabe dieses Resultat wiederholen sollte, der Scblufi berechtigt 
sein, dal3 der Anthokyanfaktor im blauen Weizen mit dem im Rogg^n 
nicht identisch ist. Diese Beobachtungen veranlassen mich die. Blau- 
farbung der Aleuronschicht des von Kattermann bearbeiteten, blau- 
kornigen Weizens nicht auf den Einfluh einer spontanen Kreuzung 
mit Roggen, sondern auf den Einflufi einer Aegilpos-Form mit blau- 
lichem Endosperm zuriickzufuhrend) 

Es lag nahe zur Entscheidung, ob Roggen Oder doch Aegilops 
bei der Entstehung des „blauk6rnigen“ Weizens mitgewirkt hat, die 
zytologische Untersuchung heranzuziehen. Zeigt doch die Weizen- 
Speltoidiorm 21/42, hingegen Roggen 7/14 und Aegilops ovata 14/28 
Chromosomen. Bei reinlichem Erhaltenbleiben beider elterlichen 
Garnituren ware sonst fiir einen additiven Bastard Speltoid x Roggen 
die Kernschleifenzahl 21 + 7/42 + 14 bezw. 28/56, fiir einen addi- 
tiven Bastard Speltoid x Aegilops ovata 21 4- 14/42 + 28 bzw. 35/70 
zu erwarten. Die Untersuchung Kattermanns hat allerdings keine 
klare Entscheidung zwischen diesen beiden Mdglichkeiten geliefert, 
indem eine Diploidzahl von 36 bis 44, unter Vorherrschen von 42 
gefunden wurde: letztere wiirde einfache numerische Gleichheit mit 
dem Speltoid 21/42 bedeuten, also komplete Genophthise der Chro- 
mosomengarnituren der Vaterart mit eventueller patrokliner plasma- 
tischer Nachwirkimg (im Sinne von A. Tschermak-Seysenegg) . 
Da Kattermanns Befund ebensowenig gegen wie fiir eine Beteili- 
gung von Roggen spricht, bleibt natiirlich auch Aegilops moglich: 
„pater incertus‘‘ ! Es konnte hochstens sein, dab einmal andere Pro- 
dukte der beiden Kombinationen von analoger Kornf arbe ein klareres 
Resultat ergeben. 
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1) Kattermann ist nach brieflicher Mitteilung inzwischen selbst von der Her- 
anziehung des Roggens abgekommen. 
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Notes on the Anatomy of Variegatedl Leaves, 

By 

M. Sakisaka 

Tokyo Imperial University 

(With One Plate) 

In the 'present work a number of plants with variegated leaves, 
which are commonly found with us, were submitted to anatomical 
observations. Variegation is one of the leaf characters of which the 
•Japanese have been very fond of since olden times and it shows great 
variation in its manifestations which have been classified, in various 
ways by many horticulturists. It is not the object of this work, how- 
ever, to classify the types of variegation viewed from their external 
appearances, but to elucidate the anatomical structure of such leaves. 
Such attempts on the anatomy of variegated leaves have been under- 
taken by many authors, such as Dalitzsch (1886), Hassack (1886), 
Sou Jou Tsinen (1923), Funaoka (1924), Ktister (1927), and others. 
Ktister (1927) giving a full list of former investigations, tried to 
classify the variegated leaves from the anatomical view point.- His 
classification does not always conform wuth the results of the writer’s 
observations, so that a provisional classification based on anatomical 
observations, so far as the writer has carried them out is proposed 
here. 

The variegated leaves were hand-sectioned and mounted in water 
for microscopical observations. Photomicrographs were taken by 
using Zeiss ocular K. 15 and Leitz objective 3. 

Prom the view point of the distribution of chloroplasts in the 
variegated leaves, the plants studied have been divided into six groups 
as follows; 

I. Ternstroemia type. In Ternstroemia japonica of mediovariegate 
form, the boundary between the variegated and green areas seen 
from the outside is distinct. This is caused by the fact that in the 
first outer layer of the palisade tissue in the white region the chloro- 
plasts are entirely absent in the cells adjacent to those, in, which the 
chloroplast-containing green tissue is found. 

■ Example:' Temsiroemia jeLponica i'Figi l). 

II. . Ficus type. In Ficus elastica oi margivariegate form two layers 
of palisade cells which lie under the colourless water storage tissue 
contain a considerable number of chloroplasts as seen in Fig. 2. The 
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difference in quantity of the chloroplasts in the second layer, how- 
ever, causes the external distinction between the variegated and 
green areas of the leaf. 

Example: Ficus elastica {Fig. 2) . 

III. Camellia type, ha Camellia japonica of albomarginate form, 
two palisade layers of the green area contain chloroplasts, while those 
of the variegated area do not show so many chloroplasts as those 
of the former. The vascular bundle is always situated at the border 
region of the two areas (Figs. 3, 4) . 

In Osmanthus aquifolium it is noticed that the variegated portion 
of the leaf becomes thinner than in the green portion (Fig. 4) ; this 
is due to the decrease in size of the cells, and not tO' the numerical 
reduction of the cells. 

Example: Camellia japonica (Fig. 3), Osmanthus aquifolium 
(Fig: 4) , Heclera japonica, Fetasites japonicus, Polygonum orientale 
var. pilosum, Hydrangea opuloides var. Azisai, Elaeagnus pungens. 

IV. Daphne type. Though in Daphne odora of albomarginate form, 

the variegated area is seen sharply discriminated from the green 
area when viewed from the outside, this is not proved to, be so micro- 
scopically in, sections, bjscauee the numerical decrease of ^ chloroplasts: 
takes place gradually within a very limited portion from the green 
part of the palisade layer to the variegated part in which the chloro- 
plasts are not generally found. It is sometimes observed that the 
Variegated portion is thinner than the green portion, which is also 
due to the decrease in size of the cells as in the case of Osmunthus 
aquifolius. ■ [ [ 

Example: Daphne odora (Fig. 5), Aucuha japonica (Fig. 6), 
Pieris japonicum (Fig. 7), Euonymus japonicus (Fig. 8), Ilex lati- 
folia, Eurya ochnacea, E. japonica, - [ ' 

V. Rhodea type. In the variegated area of Rhodea japonica of 
mediovariegate or albomarginate form, the chloroplasts are not in- 
cluded generally in the parenchymatous mesophyll in which the pali- 
sade tissue is not differentiated. In sections groups of cells contain- 
ing chloroplasts are found scattered in such colourless tissue. The 
groups of green cells represent the green area of the leaf. This is 
characteristic of the monocotyledonous leaves. 

Examples: Rhodea japonica (Fig. 9), Aspidistra daibuensis 
(Fig. 10), Liriope graminifolia, Ophiopogon Jahuran, Hosta japonica. 

VI. Arundo type. In Arundo donax of albomarginate form, all the 
mesophyll cells in the green area contain chloroplasts, but in the por- 
tion corresponding to the variegated area no chloroplasts are found. 
This type is also characteristic of the monocotyledonous leaves. 
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Example: Arundo donax (Fig. 11), HemerocalUs aurantiea, 
Isachne globosa,, Phalaenopsis Aphrodite, Zingiber Mioga, Phor- 
mium tenax, Acorns grcmdneus. 

In all, twenty-six species and two varieties were here listed, 
of which sixteen are dicotyledons belonging to four types (I, 11, 
III, and IV), while fourteen are monocotyledons belonging to types 
V and VI. Besides a number of plants with variegated leaves have 
also been investigated. They seem to be of types either intermediate 
between, or of uncertain classification in the types mentioned above. 

The writer wishes to express his sincere thanks to Prof. Miyake 
and Prof. Ogura of Tokyo Imperial University for their helpful 
criticism and advice. Thanks are also due to Mr, K. Suzuki for his 
kindness in preparing the photomicrographs. 

Botanical Institute, Faculty of Agri- 
culture, Tokyo Imperial University 
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Explanation of Plate 35 

Photomicrographs of cross sections of variegated leaves. Magnification : xca65. 

Fig. 1. Termtroemia japonica 
Fig. 2. Ficus elastica 
Fig. 3. Camellia japonica 
, Fig. 4. Osmanthus aquifolium 

Fig. 5. Daphne odora 
Fig. 6. Aucuha japonica 
Fig. 7. Pieris japonieum 
Fig. 8. Euonymus japonicus 

Fig. 9. Rhodea japonica - ^ ^ ^ 

Fig. 10. Aspidistra daibuensis 

Fig. 11. Arundo donax 
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The Iraternal Structure of Chromosomes— A Statement of Opinion 

By 

C. L. Huskins 

McGill University, Montreal 


With few exceptions the path of progress in cytology has led 
to increasingly complex views of chromosome structure and hehaviour. 
The greatest single observational step towards complexity was 
probably that made by Professor Fuji! (1926) when he discovered 
the “double spiral” nature of chromosomes. It therefore seems fitting 
that, in a volume published in his honour, spiral structure should be 
discussed and points at issue today be clarified. A clarification is 
particularly desirable because a number of different and apparently 
somewhat opposed current views on spiral structure may, it appears, 
not really be fundamentally different. I shall attempt to show hoW 
some misunderstandings have probably arisen. Only the minimum 
number of references will be cited ; 1 shall attempt a personal dis- 
cussion, not a review, especially since Kaufmann (1936) has just 
published one. 

As is well known, Bar anetzky (1880) first discovered a spiral 
chromonema within the chromosome. His views did not, however, 
gain general acceptance. From 1880 to 1925 only three cytologistS 
appear to have described spiral structure with any degree of detail 
or assurance; they were Bonnevie (1908, 1911), Schneider (1910) 
and Vejdovsky (1912). Kaufmann (1925) found “double spiral 
bands” in both somatic and meiotic chromosomes. Fujii stated 
that meiotic chromosomes have a “spiral within a spiral” structure. 
Fujii’s work did not, however, become directly known to cytologists 
in general owing to its having been presented in Japanese in 
a Journal which is available in few, if any, occidental libraries. 
The dissemination of his views has depended on the numerous 
publications of Ishii, Sakamura, Kuwada, Nakamura, Shinke and 
other Japanese workers, dating from 1931 to the present. Ac- 
cording to the view of these workers there is a small gyred spiral 
running along the larger gyred spiral chromonemata. These have 
been described as primary and secondary spirals respectively and also 
mce versa. To avoid confusion they are now generally designated 
major and minor spirals. This structure has sometimes been 
described as a “double spiral”, but this has led to confusion as Kuwada 
^1927) used this term to indicate that each chromosome major spiral 
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is composed of two closely appressed chromatid major spirals. It 
is concerning the existence or the form of the minor spiral that most 
disagreement occurs today. Nebel (1932) for instance has shown 
very loosely Q.oi\Bd half-chromartid minor spirals ; Kuwada and Naka- 
mura showed in a diagram (1933, text tig. 3) a very tightly coiled 
chromatid minor spiral. Their model is such as one would obtain if 
a spiral spring with closely appressed gyres, (such as is commonly 
used on screen doors) were itself coiled rather loosely into a spiral 
with its gyres about six times the diameter of the original spring. 
Huskins and Smith (1935) could find no evidence in Trillntm for 
this, diagrammatic interpretation, which involves the presence of only 
four longitudinal strands (chromatids) in a bivalent. We found eight 
strands and a wavy ness which we considered compatible with the 
minor spiral interpretation of Nebel, but which seemed definitely 
different to the minor spiral concept of Kuwada and his co-workers, 
as we interpreted their description. Discussion of the problem with 
a number of cytologists has, however, indicated that the disagree- 
ment is perhaps superficial only. What appears in many of Kuwada’s 
and other Japanese workers’ photographs to be a closely coiled unitary 
chromatid minor spiral running along the length of the major spiral,, 
can be seen at some points to be two half -chromatid spirals. Very 
small-gyred chromatid spirals shown in some photographs and draw- 
ings of other workers, cf. Darlington (1935 fig. 7 and p. 40) are fairly 
clearly due to the drawing out of the major spiral, as is proved for 
a. certain small spiral in Trillium (1935, text fig. 8). These should 
not be confused with the minor spiral. Further, it is still questionable 
whether the small-gyred coils of somatic and homoeo-typic mitosis 
should be homologised with the minor spiral; data bearing on this 
problem will be published later. 

By their ingenious ammonia treatments Kuwada and his co- 
workers have shown that the major spiral can be uncoiled and minor 
coils are stated to be much clearer in drawn-out parts than along 
major coiled regions. Their photographs of chromosomes after such 
treatment (e.g. 1933, fig. 14 and 15) show regions that can be inter- 
preted as closely coiled chromatid minor spirals, i.e., as involving four 
strands per bivalent, as in their diagram Text fig. 3. Alternatively, 
however, they can be interpreted as showing two parallel waved or 
coiled chromonemata in each chromatid — an interpretation which 
involves the existence of eight strands. Correspondence v^ith various 
cytologists interested in spiral structure showed that some of them 
had interpreted the photographs in one way and some in, the other, 
I had assumed that the text figure was to be taken as a more or less 
exact model; hence the statement (1935) that qur observations pn 
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Trillium did not agree with the major and minor spiral interpreta- 
tion of Japanese cytologists. Kuwada (1936) has recently confirmed 
the occurrence of eight chromonemata in Trillium bivalents,, and 
Kuwada and Nakamura (1935) have recently found that the ana- 
phase chromosomes of the second meiotic division in Traclescantia 
are bipartite. It is evident, therefore, that they cannot now be 
accepting their 1933 text fig. 3 as a precise model.o Whether they 
ever did so seems doubtful. They are not explicit on the point in that 
paper; presumably they were chiefly concerned in supporting Fujii’s 
■minor spiral interpretation, which they, quite rightly, considered the 
important issue at that time. Darlington (1935) has, however, 
adopted their diagrammatic interpretation and neglected the abundant 
evidence,: including, that of these same authors, that metaphase biva- 
lents are at least 8-partite. His Fig. 21 shows three interpretations 
made from one Tradescantia preparation, and all agree in showing 
compact coils and only Uvo strands per “dyad”; the latter is in fact 
a cardinal feature of several of his hypotheses. 

It is certainly necessary, if clear thinking is to follow, that a 
clearer definition of present viewpoints on spiral structure should be 
reached. Differences in the material studied may, of course, be one 
source of confusion. For instance, the chromatid major coils lie 
widely separate in Trillium,, but in Tradescom,tia they often lie so 
close together that there seem^. to be only two coils per bivalent. The 
minor spirals may show a similar difference in some cases. Evidently, 
however, such differences are responsible for only part of the difficulty 
in reaching a common interpretation. Kaufmann (1936), for in- 
stance, presents a diagram of major and minor coils in Tradescantia 
which is somewhat like our interpretation of Trillium, but very dif- 
ferent from the diagrams of Tradescantia structure presented by 
Kuwada and Nakamura (1933) or Darlington (1935). 

A second point on which there is some disagreement is that of 
changes of direction occurring in the major spiral. Nebel (1932); 
reported changes on either side of the attachment region in Trades- 
cantia, but very rarely elsewhere. Darlington (1932, 1935) argues 
from a priori assumptions (see Sax 1936) that they cannot occur else- 
where, with the possible exception of secondary reversals at the ends. 
They have, however, been shown to occur at various points in 
Gasteria by Taylor (1925), in Secale by Sax (1930), in Lilium by 
Iwata (1935), in Trillium by Huskins and Smith (1932, 1935) and 


1) Professor Kuwada has recently confirmed this in a personal communica- 
tion. He Sind his colleagues now see a “geminus as 8-stranded but 4-par tite (4 
chromatids)” as we do. What I have here called the “half -chromatid” minor 
spirals may, he emphasises, be so associated that in some regions they look like 
chromatid minor spirals'.. 
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Matsuura (1935). Our work (1935) showed that in MZmm there 
was probably a facultative relationship between changes of direction 
and chiasmata. Unpublished work by A. W. S. Hunter, H. Newcombe 
and myself confirms this both by direct observation and experiment. 
To mention only one point, in asynaptic Trillium changes of direction 
are rare and confined almost entirely to the vicinity of the attach- 
ment, see Figs. 11 and 12, The difference between Tradescmtia 
and Trillium with regard to the position and frequency of the changes 
of direction is, as we (1935) suggested, almost surely due to dif- 
ferences in time of the establishment of coiling relative to terminali- 
zation. 

The evidence for multiplicity of chromonemata in both somatic 
and meiotic chromosomes appears now to be overwhelming (see 
Kaufmann 1936). The older view that chromosomes “'split” during 
the “resting stage” immediately prior to the division in which their 
halves are separated from each other must almost as surely go into 
discard as the still earlier idea that they “split” at metaphase and 
separate immediately afterwards at anaphase. Observational evi- 
dence for double somatic anaphase chromosomes and: octopartite 
meiotic bivalents has been cited. Nebel (1932), Stebbins (1935) and 
Goodspeed, Uber and Avery (1935) go further in their claims of 
quadripartite somatic anaphase and Nebel (1936) presents evidence 
for quadripartite leptotene threads and octopartite meiotic first ana- 
phase chromosomes. I have seen the somatic chromosome prepara- 
tions of Nebel and Stebbins (Genetics Society of America 1934) and 
am convinced that they are right for at least some cells of some 
organisms, but we have not yet been able to obtain convincing evidence 
of more than two chromonemata in somatic and four in meiotic first 
anaphase chromosomes in our own materials in this laboratory. Bauer 
(1936) reports 100-400 chromonemata in the “paired” salivary gland 
chromosomes of certain Chironomidae ; it is generally agreed that 
16 are most commonly found in Drosophila. There is much more, 
though less definite, evidence that the number of chromonemata is to 
some extent variable. The demonstration of White (1935) and others 
that sex chromosomes and autosomes of the same complement differ 
in their time of splitting is collateral evidence supporting this view. 
I have found the chromosome split (not only the chromonema double) 
in root-tip and microspore mitotic anaphases in a few rare cases. 

Experimental evidence on the number of chromonemata per 
chromosome and the time of “splitting” has been sought in X-ray ex- 
periments by a number of workers. Mather and Stone (1933) found 
only breaks of whole chromosomes. Huskins and Hunter (1935) 
found chromatid breaks which they considered proved second meiotic 
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anaphase chromosomes to be longitudinally double. Marshak (1935) 
found configurations indicating that the chromosomes are at least 
double before synapsis. White (1935) found some chromatid breaks 
in X-rayed Locusta. Nebel (1936) found that with low dosage 
chromatid breaks occur indicating that the chromosomes are double 
before synapsis. With higher dosages he obtained some half- 
chromatid breaks, which support his morphological observation that 
chromosomes are quadripartite structures prior to synapsis. Gustafs- 
son (1936) finds a few chromatid breaks, but argues that they do not 
necessarily prove doubleness at the time of irradiation ; the capacity 
of the “fibril’" to reproduce itself may have been impaired, he con- 
siders, and he continues to support the view that somatic anaphase 
chromosomes are longitudinally single structures. This interpreta- 
tion ignores genetic data on Drosophila such as those of Patterson 
(1933) and Moore (1934). The former assumed from his data that 
the chromosomes were double in about one in seven of the sperm 
irradiated. The latter considers X-ray mosaic data prove double- 
ness but that whole chromosome breaks do not prove singleness; he 
suggests that effects on the matrix are responsible for chromosome 
breaks. The first part of this conclusion is the same as that reached 
by Huskins and Hunter (1935) from X-ray experiments on Trillium. 

I do not, however, consider it necessary to invoke the aid of the 
matrix to explain chromosome breaks. The Drosophila experiments 
of Demerec (1935 and unpublished) and others show that an X-ray 
“hit” usually “knocks out” a number of longitudinally adjacent 
salivary gland chromosome bands. The chromonemata are for the 
most part extremely closely appressed even in those organisms where 
multiplicity of strands can most clearly be demonstrated. The a 
priori expectation from the Drosophila data is that chromosome breaks 
will be more frequent than chromatid breaks, even if all chromosomes 
are longitudinally subdivided structures at all stages. If the degree 
of subdivision may differ in different tissues or different organisms, 
that of course gives a further alternative explanation for differences 
in the frequency of chromosome and chromatid breaks found in 
different X-ray experiments. At any rate, I see no reason to change 
the opinion (Huskins and Hunter 1935) that chromatid breaks are 
almost decisive evidence of doubleness at the time of irradiation 
whereas chromosome breaks are no evidence at all of singleness. 
Cumulatively the observational and experimental evidence, both 
cytological and genetical, is overwhelmingly in favour of the point 
of view that chromosomes are at least longitudinally double structures. 
The adherents of the older view have, like all conservative forces, 
furthered real progress by checking too uncritical advances, but the 
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time now seems definitely to have come when they must move ahead 
or be classified merely as “die-hards”. If this is so, two of the most 
stimulating of working hypotheses, Darlington’s “precocity theory” 
and Boiling’s (1933) theory of crossing-over must now be abandoned. 
My own (1933) “mitosis-meiosis” hypothesis, which was an effort to 
modify the precocity theory so that it could embrace the evidence of 
the “tertiary” split, the apparent singleness of leptotene threads and 
the doubleness of somatic anaphase chromosomes, has already pre- 
ceded them into limbo. It may be added, however, that the “effective” 
singleness of the kinetochore, cf. Schrader (1936) , and the “effective” 
unity of the chromatid regardless of the number of chromonemata 
it contains, renders some conclusions based initially on the precocity 
theory still valid, even though the primary postulates of that theory 
are invalid— -which attests to the service it has rendered as a loorking 
hypothesis. ■ 

In closing these remarks, however, I should like to express the 
opinion that all attempts to correlate meiotic and mitotic phenomena 
on purely morphological bases are foredoomed to failure. A “physio- 
logical” unity is not at all necessarily a morphological one, and sub- 
division of the chromonema may bear little direct relationship to 
either pairing or “splitting” of the chromosomes, as salivary gland 
studies particularly attest. Further, observable doubleness or single- 
ness may, apart altogether from artefact, be a reversible process. 
The “tertiary” split which is so often very clear at first metaphase 
in Trillium is not ordinarily visible at second anaphase (Huskins and 
Smith 1935) ; the leptotene threads of Trillium are, as we recorded, 
unmistakably single optically after all of the many fixing and stain- 
ing methods we have tried, but I have more recently seen very clear 
indications of doubleness in pre-leptotene cells. Today it seems that 
physiological hypotheses of the relationship between mitosis and 
meiosis, such as those of Stebbins (1935) and Gustafsson (1936) are 
most likely to be of service; it will be unfortunate if they are too 
closely tied, as the latter’s is at present, to morphological interpreta- 
tions. The complex modern interpretations of chromosome struc- 
ture, which so largely date from the time of Professor Fiijii’s work 
in 1926, cannot be fitted into simple “valency” schemes. 
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Explanation of Plates 36 and 37 

Meiotic chromosomes of Trillium erectum. Smear preparations dessicated 20-30 
seconds, fixed in La Cour’s 2 Bd or Sj, and stained with iodine gentianviolet. 

Fig. 1. Early metaphase showing the tertiary split, especially in chromosome at 
3 o’clock, ca. 1800X. 

Figs. 2-4. First metaphases showing coiling, the nature of the attachment region, 
and pairing with and without chiasmata. ca. 1800x. 

Fig. 5. Composite photograph of two optical levels showing major spiral ; note the 
wavyness of its outline, ca. 3600 x . 

Figs. 6-8. First anaphase ; side view, tangential view, and polar view respectively. 

Note changes of direction of coiling, ca. 1800 x. 

Fig. 9. Second metaphase ; Fig. 10: second anaphase. Note similarity of major 
coils to those of the first anaphase, ca. 1800 x . 

Figs. 11 and 12. Metaphase in asynaptic Trillium', two optical levels of the same 
cell. ca. 1800 X. 

I am indebted to Mr. S. G. Smith for assistance with the photographs. Pigs. 1-10 
are new photographs or improved prints of figures already published in our joint 
paper (1935). Figs. 11 and 12 are from work in progress by A. W. S. Hunter and 
myself. 




cs._ 



:: ! 



Cytologia, Fujii jub. vol., 1937 


H u s k i n s : The Internal Structure of Chromosomes— A Statement of Opinion 







1937 


1023 


Chromosomenketten beim Rassenbastarde des Seidenspinners 
Philosamia cyntMa 

(Zytologische Untersuchungen am Seidenspinner raid 
semen Verwandten. Ill) 

Von 

Eisaku Kawaguchi 
I. Einleitung 

Hhev Philosamia cynthia Drury warden bis jetzt drei zytolo- 
gische Arbeiten von Dederer veroffentlicht. Diese Verfasserin hat 
liber die Art, die in Amerika gefunden wird, Untersuchungen an- 
gestellt. Bei dieser Art stellte sie erst in der Spermatogenese und 
dann nachher in der Oogenese die Zahl von 13 haploiden Chromo- 
somen fest (1907, 1915). Ferner hat sie iiber einen interessanten 
Fall in der Spermatogenese bei einigen Kulturen im Laboratorium 
berichtet, wobei Schwankungen der Chromosomenzahl gefunden 
wurden (1928) . Unter zwei von vier Kulturen fand sie einige Reihen 
mit 12 Chromosomen und bemerkte, dafi diese Chfomosomenaberra- 
tion auf die Assoziation zweier Chromosomen zuruckzufiihren ist. 
In einer anderen Reihe derselben Kulturen Sind einige Individuen 
gefunden worden, die in einem und demselben Hoden Spermatozyten 
mit 13 bezw. 14 Chromosomen besassen. Als Ursache der Erhohung 
der Chromosomenzahl hat sie die Fragmentation eines Chromosoms 
angenommen, wenn sie auch nicht erkennen konnte, welches Chromo- 
som fragmentiert wurde. 

Das Ziel meiner Untersuchungen bestand in der Erforschung 
der Chromosomengarnituren bei Philosamia cynthia, die je nach den 
geographischen Rassen verschieden gefunden wurden, und ferner des 
Verhaltens der Chromosomen bei ihren Bastarden. Wahrend einer 
zytologischen Untersuchung der Spermatogenese ihres Bastards 
wurden eigentiimliche Chromosomenverkettungserscheinungen in 
Diakinese und Metaphase der beiden Reifeteilungen entdeckt. Auf 
Crund meiner Befunde machte ich den Versuch, die Prozesse, w^odurch 
die Veranderung der Chromosomengarnitur einer Rasse im Laufe 
der phylogenetischen Entwicklung stattfindet, klar zu stellen und 
dazu einen SchlufJ auf die Ursache der Chromosomenschwpnkung, 
die von Dederer beobachtet w^urde, zu ziehen. 


II, Material imd Methode 

Zu meiner Untersuchung gelangten die folgenden zwci ver- 
schiedenen geographischen Rassen: Philosamia .cynthia Watkeri 
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Felder und Ph. c. Pryeri Butler. Beide Eassen finden sich auf 
palaarktischem Gebiete, und zwar verbreitet vom zentralen 

und nordlichen China bis zur sudlichem Mandschurei; Pryeri dagegen 
bewohnt nur Japan. 

Walkeri unterscheidet sich von Prym durch das aufien scharfer 
begrenzte Distalband beider Fliigel und durch die langen Medianzahne 
des proximalen Vorderfliigelbandes (Seitz, 1916). 

Nach meinem Verjsuche warden die gegenseitigen Bastardierun- 
gen sehr leicht durchgefiihrt, wenn auch viele Fi-Raupen leider an 
einer schweren Fleckenkrankheit zugrunde gingen und nur einige 
Mannchen von einer Kreuzung der Walkeri 9 mit Pryeri d' sich bis 
zu Puppen entwickelten, die alle zur zytologischen Untersuchung 
getotet warden. 

Die Hoden wurden aus den Puppen der zwei reinen Rassen, von 
denen eine direkt aus der Mandschurei gesandt und die andere in 
Fukuoka (Siid-Japan) und Kyoto (Mittel-Japan) gesammelt worden 
war, und ihres Bastards entnommen und sofort in Carnoys Chloro- 
form-Eisessig-Alkohol fixiert. Die Schnitte wurden 8 u dick gemacht 
und mit Eisenhamatoxylin nach Heidenhain gefarbt. Als Fixations- 
und Farbungsmittel diente sonst noch Karminessigsaure. 
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Abb. 1. Aquatorialplatten der Reife- 
teilungen. VergroBerung 2400 mal. 
a-d. Eupyrene Spermatozyten. e, f. 
Apyrene Spermatozyten. a, b, e, f. 
Erste Reifeteilung. c, d. Zweite 
Reifeteilung. a, c. 13 Chromosomen 
aus Walkeri. b, d. 14 Chromosomen 
aus Pryeri. e. 26 Chromosomen aus 
Walkeri. f. 28 Chromosomen aus 
Pryeri. 


in. Beschreibung des Karyo- 
typus von Philosamia cynthia 

Walkeri, Ph. c. Pryeri und 
ihrem Fi-Bastarde 

Eine eingehende Untersuchung 
der Spermatogenese bei Philosamia 
cynthia Walkeri bestatigte die Rich- 
tigkeit der von Dederer verbifent- 
lichten Chromosomengarnitur. Auf 
den guten Aquatorialplatten aus den 
ersten und zweiten Spermatozyten 
traten also 13 Chromosomen sehr 
deutlich hervor (Abb. 1, a, c und Taf. 
38, 1, 2, 5) . Ihre Gestalt ist bei alien 
fast kugelig, und der Unterschied in 
der GroOe so gering, dal3 es fast un- 
moglich ist, die entsprechenden Chro- 
mosomen in verschiedenen Aqua- 
torialplatten zu identifizieren. 

Fixr , Pryeri wurden mehr als 
20 Mannchen untersucht, von denen: 
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die eine Halfte in der Umgebung von, Fukuoka und die andere 
in Kyoto gesammelt worden war. Auft alien Aquatorialplatten der 
ersten und zweiten Spermatozyten unterschieden sich die Karyotypen 
der Pryeri aus den zwei Gegenden in Japan weder nach der Chromo- 
somenzahl noch nach ihrer - Gestalt, dagegen die Karyotypen von 
Walkeri aus der Mandschurei ausnahmslos aufierst stark nach der 
Chromosomenzahl, die namlich 14 anstatt 13 betrug (Abb. 1, b, d. 
Taf. 38, 3, 4) . 


An der Ecke der Follikeln der Hoden finden wir riianclimal bei 
beiden Rassen anomale Spermatozyten, die sich wohl zu den apyrenen 
Spermatozoen entwickeln werden. In, diesen Zellen findet man 
diploide Chromosomen wegen des Fehlschlagens der Konjugation der 
Chromosomen, und zwar 26 in Wolkeri und 28 in Pryeri (Abb. 1, e, f) . 

Auf jeden Fall ist das C.hromosomenverhaltnis beider Rassen 
dem der von mir mitgeteilten : zwei naheverwandten Rom&T/^^-Arten 
(Kawaguchi, 1928) sehr ahnlich. 

In der Spermatogenese des Fi-Bastards zwischen Walkeri und 
Pryeri fanden wir zu unserer tiberraschung die dem Bombyx- 


Bastarde entsprechenden Verhalt- 
nisse nicht wieder. Aquatorial- 
platten der ersten Spermatozyten- 
teilung zeigten nur 12 Chromo- 
somen, darunter 10 in der Polan- 
sicht rund wie in den Eltern- 
rassen, zwei dagegen erschienen 
merkwiirdig abnorm. Das eine 
abnorme Chromosom zeigte mei- 
stens eine birnenformige Gestalt. 
Es machte den Eindruck, als ob 
ein kleines Chromosom sich an 
das normals bivalente angehangt 
habe. Das andere bestand aus 
einem langen, sich schlangelnden 
Element, das ungefahr drei- oder 
oft vierfach langer als die 
normalen Chromosomen war. , Das 
wurde fur eine Kette von vier 
univalenten Chromosomen gehal- 
ten, da es meistens aus vier 
Anschwellungen bestand. Abb, 2, 
a, e zeigen die drei Chromosomen- 
Garnituren mit den zwei abnormen 
Chromosomen im Fi-Bastarde. 



Abb. 2. Seehs Aqu^torialplatten der 
ersten. Spermatozytenteilung im Fi- 
Bastarde. VergroBerung 2400 mal. 
a-e. 12 Chromosomen mit zwei Chro- 
mosomenkettett, aber bei e, steht die 
eine, mit; Xbezeichnet, senkrecht der 
Platts, f. Ansnahmsweise 13 Chro- 
mosomen mit ein er Kette. 
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Die Chromosomenkette lag gewohnlich horizontal, d.h. rechtwinklig 
zur Spindelachse auf der Aquatorialplattenebene, selten senkrecht, 
d.h. parallel zur Spindelachse, wie die Seitenansicht zeigte (Abb. 3). 
Sehr selten beobachtete man, dab die zwei normalen Bivalenten 
durch Fehlschlagen der Verkettung hervorgerufen wurden (Abb. 
2,f). 





^ • 'vj 


^ d e 

Abb. 3. B''unf Seitenansichten der Aquatorialplatten der ersten Spermatozytenteilung 
im Fi-Bastarde. VergroBerung 2400mal. a-d. Auf jeder ist nur eine large Kette 
sichtbar. e. Zwei Ketten (Platte in etwas schiefem Winkel gesehen und gezeichnetj. 

Unter den Aquatorialplatten der zweiten Reifeteilung finden sich 
einige verschiedene Flatten mit 12, 13 und 14 Chromosomen, darin 
eine bzw. zwei Chromosomenketten, die als zweigliedrig zu erkennen 
sind. Diese Beobachtungen stellt die Tabelle 1 zusammen, und die 
Zeichnungen davon werden in Abb. 4 gegeben. 

Tabelle 1, Chromosomenzahl der zweiten Teilung der Spermatozyten 
des Pi-Bastards 


Chromosomen- 

zahl 

Summe der 
Zellen 

Zellenzahl 

ohne Kette 

i mit 1 K. 

mit 2 K. 

12 

5' 

0 1 

3 

2 

13 

10 

4 

3 

3 

14 

2 

1 

1 

0 
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Abb. 4. Sieben Aquatorialplatten der zweiten Spermato- 
zytenteiluug in Fi-Bastarde. VergroBerung 2400 mm. a-b. 
12 Chromosomen mit einer Kette. c. 12 Chromosomen mit 
zwei Ketten. d. 13 Chromosomen ohne Kette. e. 13 Chro- 
mosomen mit einer Kette, f. 13 Chromosomen mit zwei 
Ketten. g. 14 Chromosomen mit einer Kette. 


Um die Ent- 
stehung dieser zwei 
abnormen Chromo- 
somenketten in der 
ersten Teilung mit 
derjenigen der an- 
deren normal kon- 
jugierten Chromo- 
somen zu verglei- 
chen, wurden die 
Tetraden - Gestalten 
in Diakinese un- 
tersucht. In der 
friiheren Diakinese 
fanden wir bei 
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reinen Rassen die aus Chromatiden gebildeten Ringtetraden, die 
Philosamia cynthia, besonders schon lieferte. An Ringtetraden waren 
13 bei Walkeri und 14 bei Pryeri vorhanden, von denen die einen aus 
einem Chromosomennukleolus hervorgebracbt wurden, wie Dederer 
schon berichtete. Die Kontraktion bezog sich auf alle Tetraden bei 
Wdlkeri und Pryeri fast gleichartig, um endlich in der Prophase in 


Abb. 5. Zwei Kerne in Diakinese bei Pryeri, VergroBerung 2400 mal. b ist in etwas 

spSterem Stadium als a. 

semmel-formiger Gestalt zu erscheinen. In dem kurzen Stadium 

der spateren Diakinese tritt aber eine merkwiirdige Figur in den 

Chromosomen nur bei 

'WePkeri ein, indem 

zwei von 14 im- / M 

mer sich gegenseitig ^ ^ \ / O \ 

nahern, wahrend die A ^ iW r\ /o) I 

anderen noch an der r 1 V I U 

Kernmembran von 
einander getrennt 
liegen, wie Abb. 5 

zeigt. Diese eigen- . ... 

artige Chromosomen-* 

assoziation erhielt sich 0 \ 

selten bis zur Meta- " /^ ^ ^ \ ] 

phase (Tafel 1, 9). m *j ^ l/v 

Die Bedeutung dieser % ^ I// 

Erscheinung wird spa- 
ter erwahnt werden. ^ 

Die normalen . „ ' 

rp j , , tn t? Vier Kerne von der Diakinese bis zur Prophase 

ietraden der bi-x3as- ^eim Fj-Bastard, VergroBerung 2400 mal. a, b. Dia- 
tarde verhielten sich kinese. c. Spatere Diakinese. d. Prophase. 
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genau so wie die der Pryeri, aber zwei abnorme Tetraden ganz anders. 
Die eine davon, die wahrscheinlich spater zum dreiteiligen Element 
werden wiirde, bestand aus einer normalen Ring-Tetrade und einem 
kiirzeren oder langeren Stab, der mit dem einen Ende an der Ver- 
bindungsstelle der den Bing biidenden zwei Chromosomen anhaftete. 
Sie war also ein Trisom. Solche Chromosomenkette fanden wir ganz 
deutlich oben in der Abb. 6, a und in der Taf. 38, 8 (aus demselben 
Kern) . 

Die andere wies aber kein ringformiges, sondern sebr lange, bald 
bogenformig, bald schlangenformig gekriimmte Elemente auf (Abb. 
6). Es scheint mir, als ob sie aus zwei Chromosomenfaden, die sich 
miteinander am Ende kettenweise verklebt batten, entstanden sei. In 
Abb. 6, a kann man eine Einschniirung, die wohl die Stelle der Verket- 
tung zeigt, an dem langen Chromosomenfaden, der links innen im 
Kern liegt, beobachten., Jeder der beiden Teile wurde auch wohl aus 
einer Kette von je zwei Chromosomen gebildet. Je weiter deshalb die 
Kontraktion der Chromosomen fortschreitet, desto- deutlicher werden 
die vier Gliederungen (Abb. 6, d) . 

IV. Deulung der CKromosomeiiverkettung und der 
Chromosomenverhaltnisse der Walkeri und Pryeri 

In den Stadien von der. Diakinese bis zur Metaphase der ersten 
Reifeteilung beim Fi-Bastard, wurden, wie ich oben erwahnt habe, die 
zwei Arten der Verkettung in einer und derselben Zelle beobachtet, 
und zwar eine Kette von drei Chromosomen, ein Univalent und eiil 
Bivalent, und die andere von vier univalenten Chromosomen. Selbst- 
verstandlich wurde keine von diesen in reinen Rassen angetrotfen, 
sondern nur durch die Bastardierung hervorgebracht. Die Erklarung 
kann man wahrscheinlich in der aufieren und 'inneren' Veranderung 
der Chromosomen einer Basse, die phylogenetisch neu ist, suchen. . 

Wenn auch die Bestimmung des phylogenetischen Alters dieser 
beiden Rassen sehr grofie Schwierigkeit bietet, konnen wir doch 
als hbchst wahrscheinlich annehmen, dal3 die chinesische viel alter als 
die j,apanische ist. Philosamia cynthia hat vermutlich ihre Ursprungs- 
heimat in Indien oder Sud-China und verbreitete sich von doft nach 
Japan. " 

So kann wohl gesagt werden, dafi Walkeri mit , IS Chromosomen 
die primare, Pryeri mit 14 Chromosomen dagegen die sekundare 
Basse ist. Eine Spur der Verringerung der Chromosomenzahl bel 
Walkeri findet man nicht. 

Wenn die Vermutung also- richtig ist, dafi die Chromosomenzahl 
sich vergrdfiert habe, so wurden zwei Mbglichkeiten fur die Ent- 
stehiing der yermehrungpier Zahlen anzunehmen seih; namlich die 
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eine durch Fragmentation eines Chromosoms und die andere durch 
Verdoppelung eines Chromosoms. 

Bevor wir auf diese Mdglichkeiten weiter eingehen, wollen wir 
die Chromosomenkette von drei Chromosomen im Fi-Bastarde be- 
trachten. Die Konfiguration der Kette in der Diakinese zeigt ein 
typisches Bild von Trivalent. 

Also besteht die Deutimg dieser Kette eher in der Annahme, dah 
ein Chromosom der Grundzahl 13 von Pryeri durch einen besonderen 
zytologischen Vorgang verdoppelt wurde, als in der des Zerfalls eines 
Chromosoms. Die verdoppelten Chromosomen waren durch die 
Veranderung ihrer inneren Struktur nach verschiedenen Richtungen 
mehr oder weniger so modifiziert, dafi sie bei Pryeri nicht mehr 
zu konjugieren imstande zu sein scheinen. Gestiitzt wird diese Auf- 
fassung vor allem durch das Verhalten von zwei Chromosomen nur 
bei Pryeri im Stadium der spateren Diakinese. Wie wir schon zeig- 
ten, findet eine sekundare Assoziation in diesem Stadium, selten sogar 
in der Metaphase der Reifeteilung statt. Das bedeutet, dal5 diese zwei 
Chromosomen verwandt sind. 

Dann sollte man beim Bastarde erwarten, dafi die zwei phylo- 
genetisch verwandten Pri/en-Chromosomen mit den homologen Teilen 
des Walkeri-'C’hYomoBoms konjugieren und sich infolgedessen eine 
Verkettung von drei Chromosomen im Fi-Bastarde zeigen werde. 

Bei der langen Chromosomenkette, die wahrscheinlich das Fehlen 
eines Chromosoms im Fi-Bastarde verursacht, drangt sich die Ver- 
mutung auf, dafi ein Chromosomenstuck bei der sekundaren Rasse 
Pryeri sich durch Translokation an ein anderes nicht homologes 
Chromosom angeheftet habe und dadurch die fast unmerkliche Ver- 
anderung des Karyotypus bei Pryeri hervorgerufen worden sei. 

Da der verlagerte Chromosomenteil von Pryeri mit dem ent- 
sprechenden Teile von Walkeri bei Fi-Bastard konjugiert, findet 
man ein langes Sammelchromosom, das aus vier an den Enden ver- 
klebten, nicht homologen Chromosomen entstanden ist. 

Das Vorkommen eines Rings oder, bei Offung einer Stelle dessel- 
ben, einer Kette von vier Chromosomen (sogen. Amphibivalent nach 
Hakansson 1931) wurde schon bei einigen Pflanzen-Bastarden 
gezeigt, namlich bei Pisum (Hakansson, 1929, 1931, 1932), bei 
Datura (Belling und Blakeslee, 1924, 1926), bei Polemonium 
(Cooper und Brink, 1931; Clausen, 1932) und bei Zea Mays 
(McClintock, 1930; Burnham, 1930, 1932; Brink und Cooper, 
1932) . Bei alien Fallen finden die Autoren ihre Erklarimg darin, 
dafi eine einfache Translokation von einem Chromosomenende zum 
Ende eines nicht homologen oder der Austausch zwischen nicht- 
homologen stattgefunden habe. Die Falle der Chromosomenkette 
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wurden meistens durch einfache Translokation erldart. Jedenfalls 
hat Burnham bei Zea Mdys darauf hingewiesen, dafi die Kette auch 
beim Austausch stattdnden konnte, wobei die Austauschstiicke kurz 
waren. 

Meistens zeichneten sich die Pflanzen mit Chromosomenver- 
kettung durch Gonensterilitat aus. Diese beruht auf der Chromosom- 
verteilung, wobei ein Stuck fehlt, ohne da 6 aus einem verlagerten 
Stuck ein Ersatz auf die Gonen wirkt. 

Aber bei Philosamia cynthia habe ich die Sterilitatserscheiniin- 
gen leider noch nicht untersucht. In der Seitenansicht der ersten 
Metaphase sieht man verschiedene Gestalten in der Anordnung der 
Chromosomenketten, durch die vielleicht ein gewisser Grad von 
Spermien-Sterilitat verursacht warden konnte. 

Allerdings ist es wohl kaum zu kiihn, zu vermuten, dafi im Laufe 
der phylogenetischen Entwicklung der kontinentalen 13-Chromo- 
somenrasse zur japanischen 14-Chromosomenrasse zufallig zwei 
Erscheinungen zusammenf alien : die Verdoppelung eines Chromo- 
somenpaares einerseits und die Translokation eines Chromosom- 
stiickes zu einem anderen nichthomologen anderseits. 

Somit ist es hochst wahrscheinlich, dass die Prozesse der Trans- 
lokation und Verdoppelung, aufier der Verschmelzung und dem Zer- 
fall der Chromosomen, auf die Phylogenie der Chromosomen bei den 
heutigen Schmetterlingen einen grohen Einflufi ausgeiibt haben. 

SchlieBlich wollen wir auf die Frage der Schwankung der Chro- 
mosomenzahl bei Philosamia cynthia, die von Dederer beobachtet 
wurde, zuruckkommen. Hochst wahrscheinlich sind einige Reihen in 
ihren Kulturen, die die Chromosomenzahl 12 zeigen, dem Fi-Bastarde 
zwischen Walkeri und Pryeri oder einem ihrer Nachkommen zuzu- 
schreiben. Weiter kann man vermuten, dafi die Individuen, die 13 
und 14 Chromosomen in einem und demselben Hoden besitzen, auch 
zu solchen Nachkommen gehdren. Jedenfalls ist es zu bedauern, dafi 
die karyologische XJntersuchung der Nachkommenschaft von Bastar- 
den der beiden Rassen bei uns noch nicht vollstandig ist. Sie laBt 
also weitere vollstandigere Ergebnisse als erwiinscht erscheinen, weil 
der hier beschriebene Fall sich bei weiterer XJntersuchung als hochst 
interessant erweisen kann, 

Zusammenf assung 

1) Walken, eine kontinentale Rasse von Philosamia cynthia 
Drury, die phylogenetisch wahrscheinlich primar ist, hat 13 haploide 
Chromosomen, wie schon Dederer festgestellt hat. 

2) Pryeri, die japanische Rasse davon, hat dagegen 14 haploide 
Chromosomen. 
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3) In der spMeren Diakinese wahrend der Spermatogenese hat 
nur bei den letzteren immer eine Association zwischen einem Paar 
Tetraden stattgefunden. Selten bleibt sie bis zu Metaphase in der 
ersten Teilung. 

4) Beim Fi-Bastard zwischen beiden Rassen fand man nur 12 
haploide Chromosomen, worunter zwei merkwiirdige Chromosomen- 
verkettungen beobachtet wurden. 

5) Die eine ist aus einem normalen Bivalent imd einem Univa- 
lent entstanden. Diese bilden in Diakinese einen Ring und einen Stab, 
der an einem Ende mit dem Ring verbunden ist. Das ist also ein 
typisches Bild von Trivalent in der Diakinese, 

6) Unter Beriicksichtung der sekundaren Assoziation von einem 
Paar Tetraden bei der 14-Ghromosomen-Rasse, Pryeri, und des 
Bildes von Trivalent in der Diakinese wtirde als hochst wahrschein- 
lich angenommen, dafi eins von den 13 Chromosomen durch einen be- 
sonderen zytologischen Vorgang verdoppelt worden sei und nachher 
nach verschiedenen Richtungen innere Veranderungen erfahren habe. 
Diese verdoppelten Chromosomenpaare konjugieren deshalb bei 
Pryeri nicht mehr miteinander. 

7) Erst durch Bastardierung konjugieren diese zwei verwand- 
ten Chromosomen in Pryeri mit dem urspriinglichen Chromosom in 
Walkeri. 

B) Betreffs der Kette von vier univalenten Chromosomen finden 
wir gahz ahnliche Beispiele bei Pflanzen-Bastarden, namlich bei 
Pisum, Datura,, Polemonium und Zea Mays. Die fiir diese von den 
betreffenden Autoren angegebene einfache Erklarung kann man auch 
fur unsere Falle bei Schmetterlingen anwenden: Es hat namlich 
Translokation eines Chromosoms an einem Ende stattgefunden, 

9) Die Chromosomenaberrationen von Philosamia cynthia, die 
Dederer in ihren Kulturen im Laboratorium fand, sind wahrschein- 
lich den Nachkommen der Bastarde zwischen den 13- und 14-Chromo- 
somen-Rassen zuzuschreiben. 
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Figurenerklarung zu Tafel 38 

Milcrophotographien 1-7, 9 warden mit Hilfe von Lbitz ,, Makam “ unter Benu- 
tzung von Zeiss hom. imm. Obj. 1.6 mm. Apert. 0.58 und einem Leitz periplanen 
OkularlSx, Photo. 8 einem peripl. Ok. 8x aufgenommen. VergroBerung etwa 1800 
mal in Photo. 1-7, 9, etwa 960 mal in Photo. 8. Samtliche Photographien sind unretu- 
schiert, 

Abbildungen 1, 3, 9 sind nach gequetschten Prdparaten von Hoden ausgefiihrt, 
die mit Carminessigsaure fixiert und gleichzeitig gefarbt wurden. Abb. 2, 4-8 sind 
nach Schnittpraparaten aufgenommen, die in Carnoys Plussigkeit fixiert und mit 
Heidbnhains Eisenhamatoxylin gefarbt wurden. 

1, 2. Philosamia cynthia Walkeri. Erste Reifeteilung, 

3, 4, 9. Philosamia cynthia Pryeri. Erste Reifeteilung. 

5, Ph. c. Walkeri. Zweite Teilung. 

6, 7. Walkeri x Pryeri, Aquatorialplatten mit zwei Chromosomenverkettungen. 
Oben im Bild von 7 sind zwei von den 12 Chromosomen in einen anderen 
Schnitt gefallen und deshalb hier unsichtbar. 

8. Links zeigt sich ein Kern in Diakinese mit zwei Ketten und einigen Ring- 
tetraden. Die Zeichnung aus demselben Kern steht in Abb. 6, a. 
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On the Fertilization of Nelumbo nudfera 

By 

!chii*o Ohga 

(With. One Plate) 

Early in 1904 York studied the American species, Nelumbo lutea 
and described its fertilization, floral development and embryo forma- 
tion. While studying the Japanese species, N. nutiferu we have had 
an opportunity to investigate the pollination and fertilization of 
this plant for the past few years. In the present paper some results j 

of the experimental and cytological observations carried out during | 

last summer will be presented. 

Material was collected from a Chinese variety grown and ; 

cultivated in the lotus fleld at Kisarazu, Tiba-prefecture. The ovaries i 

at various developmental stages, their lower half being removed, were 
fixed at intervals of half an hour from 6 a.m. to 6 p.m., August 20 to 
23, 1936, in either Bouin’s fixative or Navashin's solution. The latter i 

gave better results than the former. The material was passed 
through the alcohols as usual and imbedded in paraffin. Sections cut 
from 10 to 15 u in thickness were stained with Heidenhain’s iron- 

i 

alum haematoxylin. i 

On the first day of flowering and on the morning of the second 
day, the embryo-sac already comes to maturity, in which state an 
egg and one fused or two as yet unfused polar nuclei are noticeable 
in their fine spireme stages (Plate 39, Figs. 1-4). The egg is 
spherical and near its central region one nucleus is located (Plate 39, 

Fig. 4) . The synergids are found almost always to have degenerated. 

The polar nuclei are situated a short distance below the egg cell. In 
some embryo-sacs the two polar nuclei are still a little apart; while 
in other cases they are beginning to fuse. Most commonly these 
nuclei are found in close contact with each other, though in some 
cases they have already partially fused (Plate 39, Figs. 1-4). 

On the early morning of the, second flowering day, pollen grains 
reach the stigma by the aid of small insects and there begin to 
germinate. Only a few of the pollen tubes thus developed are able 
to attain the ovary through a short style having a length of about 
1 mm. The pollen tube enters the embryo-sac directly through the 
micropyle and penetrates five or six layers of the nucellus tissue, the 
apex attacking the lateral side of the egg (Text-fig, 1). 

It was proved in the present case of W. nudfera that the pollen 
tube penetrates the style and reaches the embryo-sac during a period 
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between about 6-8 hours after pollination 'occurred at about 6 to 

7 a.m. on the second day of flowering; and that the fertilization 

follows soon after. In Text-fig. 2 two^ densely stained male nuclei 

which became free from the pollen tube are found in the micropylar 

portion of the embryo-sac. They are 

^ smaller than both egg nucleus and polar 

nuclei and retain their ellipsoidal form 

1 during fusion (Text-figs. 3, 4). One 

cif the male nuclei fuses with the large 

polar-fusion, nucleus (Text-fig. 4), while 

the other fuses with the egg nucleus at 

about the same time (Text-fig. 3). 

fusion of the three nuclei is not 

carried out in a uniform way in different 

TexWig.i. Pollen tube attacking plants or even in the same plant under 

the egg. e, egg ^^ticleus; s, varying conditions. A male nucleus 
sperm nucleus. X1300. , , , 

and two polars fuse simultaneously in 

Potamogetonlucens (Cook, 1908) and mNelumbo lutea, (York, 1904), 
while in Castalia odorata' (Cook, 1902) stnd Nymphaeu advena (Cook, 
1902, Seaton, 1908) the second male nucleus is added to the polar- 
fusion nucleus as in the present case of N. nucifera. 

The primary endo- 
sperm nucleus under- ^ 

goes division immedi- ^ 

ately after its forma- 
tion (Plate 39, Figs. 

5, 6). The axes of 

the first and second V/ 

cleavage figures of the 2 ^ ^ 

fertilized egg are near- 
ly perpendicular to the 

transverse axis of the \ \ ^ 

embryo-sac (Plate 39, f ‘ \ y /r- ]■) 

Figs. 7, 8) resulting in 
a linear three-celled 

embryo, as described :• • * . ./ 

by Cook (1902) in ^ ' 

Castalioi and Nym- 4 

piiaed. 

In concluding, the’ 2, micropylar portion of the embryo-sac, 

. a pollen tube entering. 3, fusion of female and male 
pollination m iV. fiuci- nuclei. 4, fusion of a sperm nucleus with a large 
ferd occurs with- the polar-fusion nucleus (jo). e, egg nucleus, s, sperm, 
aid of small insects nucleus. x2000. 

about one or two hours after the opening of the flower which 
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takes place usually at about 5 a.m. on the second day of flower- 
ing. Fertilization is accomplished within about 6 to 8 hours after 
pollination and is followed immediately by division of the primary 
endosperm nucleus. According to Schnarp’s compilation (1929), 
Phaseolus vulgaris and Secale cereale are good examples in showing 
the shortest time intervals from pollination to fertilization; in the 
former 8-9 hours (Weinstein, 1922) and in the latter 7 hours (Jost, 
1907), both obtained under green house conditions. The present 
case of N. nucifera seems to add one more example to these, which 
example however has been obtained under natural conditions. 

The writer wishes to thank Mr. Kazuo Suzuki of the Botanical 
Institute, Faculty of Agriculture, Tokyo Imperial University, who so 
gladly offered assistance in preparing materials and photomicro- 
graphs. 

Botanical Institute, Faculty of 

Agriculture, Tokyo Imp. University 
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Explanation of Plate 39 

All photomicrographs are made at a magnification of 2100 diameters except Pig. 9 
(xca, 210) and reduced 2/3 in reproduction. 

Figs. 1-3. Successive stages of fusion of two polar nuclei. 

Fig. 4. Micropylar end of a matured embryo-sac showing an egg (upper) and a 
polar-fusion nucleus (lower). 

Fig. 5. An egg and a primary endosperm nucleus after double fertilization ac- 
complished. 

Fig. 6. Anaphase of the first mitosis of the endosperm nucleus. 

Pig. 7. Telophase of the same. Two celled embryo formed. 

Fig. 8. Partition wall forming between two daughter embryo-sac nuclei. 

Fig. 9. Showing an embryo of two cell stage and two celled embryo-sac. 



UntersiichungeH iiber die Wirkung des elektrischen Stromes auf 
lebende Zellen. 1. Das Verhalten der mitotischen Figur 
unter der Wirkung des Gleichstromes 

Von 

Nobui*6 Kamiya 

Kaiserliche Universitat Tokyo 

(Mit 1 Textfigur) 

Was die Wirkung des elektrischen Stromes auf die mitotischen 
Figuren anhelangt, wiesen Pentimalli (1909, 1912) , McClendon 
(1910), Wakayama/) Botta (1932) u.a. darauf hin, daO der Gleich- 
strom beim Durchgang durch die sich teilende Zelle intrazellular eine 
anodische Verschiebung der Chromosomen hervorruft; deshalb kamen 
sie zum SchluO, daO die Bewegung der Chromosomen f iir ihre Elektro- 
phorese gilt. Die Untersuchungsresultate hieriiber waren jedoch nicht 
immer endgiiltig, und zwar lehnten Hardy (1913), Meier (1921), 
Zeidler (1925) u.a. die Verlagerung der Teilungsfigur ab. Diese 
sich widersprechenden Ergebnisse erhielt man, ausgenommen die in 
vitro kultivierten Hiihnerembryoherzen von Botta, meistens bei den 
Keimwurzeln von verschiedenen Pflanzen wie Hyacinthus, Allium, 
Pisum, Vida, usw., wobei die obigen Autoren die Wirkung des Gleich- 
stromes bei den Fixierpraparaten feststellten. Es ist selbstver- 
standlich, daO die Fixierpraparate bei solchen Experimenten nicht 
immer das reale Verhalten des im lebenden Zustande sich befindlichen 
Zellinnern zum Ausdruck bringen. 

Daher bemiihte ich mich in der vorliegenden Arbeit das Ver- 
halten der mitotischen Figur, im lebenden Zustand der Zelle mit 
besonderer Riicksicht auf ihre Verschiebbarkeit unter der genannten 
Einwirkung zu verfolgen. Die Untersuchungsresultate sind hier je 
nach der Intensitat des Stromes und der Wirkungszeitdauer in Ver- 
such 1 und 2 zusammengestellt. 

Material und Methode 

Als Untersuchungsmaterial wurden junge Staubfadenhaarzellen 
von Tradescantia reflexa verwendet, welche sich in Knospen in ca. 4- 
5 mm Lange befinden. 

Urn beim Experimente die konstante Konzentration des Mediums 
beibehalten zu konnen, fiigte ich der Feuchtkammer ein zweckmaOig 

1) Contributions from the Divisions of Plant-Morphology and of Genetics, 
Botanical Institute, Faculty of Science, Tokyo Imperial University, No. 188. 

2) Zitiert aus der Monographic von PUJII (1931). 
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hergestelltes Kanalchen hinzu, in das das Material mit dem umgeben- 
den Medium eingebettet wird. Ich fertigte mir dieses einfach aus 
zwei in raafiigem Abstand (6 mm) und parallel gelegten Glasstab- 
chen in einem Durchmesser von ca. 80 ,u und einem Deckglasstiick- 
chen in Breite von ca. 6 mm an. Der Querschnitt des Kanalcbens 
betragt danach also^ ungefahr 0,5 mm-. Dann. brachte ich mit beiden 
Offnungen des Kanalchens ein Brockchen von 2% Agar-Agar in 
Beriihrung, wobei das Agar die gleiche Losung wie das, das Kanalchen 
ftillende Medium enthalt. Als Medium dienten meistens 0,1 N KCl- 
und 2%' Rohrzuckerlosung. Man fiihrt ein Elektrodenende mittels 
des Mikromanipulators in beide Agarstiickchen hinein, um dadurch 
den elektrischen Strom mbglichst gleichmafiig durch das Kanalchen 
leiten zu konnen. Die Stromintensitat, welche in den folgenden Ver- 
suchen gezeigt wird, entspricht derjenigen, die durch das Medium im 
Kanalchen leitet, und nicht derjenigen, die wirklich durch die Zelle 
geht. Als Elektroden dienten die fiir diesen Zweck geeignet, besonders 
hergestellten unpolarisierbaren 0,1 N KCl Agar-Elektroden (ca. 1 mm 
im inner en Durchmesser am vorderen Teil). Da diese eine grofie 
Resistanz (iiber 50,000 Q) haben, erfordert die Stromquelle eine hohe 
Spannung; dazu dienten erstens Trockenbatterien, maximale Span- 
nung an den Klemmen 186 V, und zweitens, falls es ndtig ist, ein 
selbst hergestellter kleiher Quecksilber-Gleichrichter, Spannung an 
den Klemmen ca. 660 V. Die Stromstarke im Kanalchen wurde mit 
Hilfe der zwei Potentiometer geregelt. Die Beobachtungen wurden 
mittels Leitz Ol-Immersion 100 x und Zeiss K15x ausgefiihrt. 


Versuch 1 : Kurzdauernde Wirkung des starken 
elektrischen Stromes 

Die zu diesem Versuche angewendete Stromstarke betrug ca. 
zwischen 0,2-1, 0 mA, wobei die Wirkungsdauer auf 0, 5-5,0 Sek. 
begrenzt wurde. 

Wird ein starker Strom durch die Zelle in der Teilung parallel 
ihrer Langenachse entlang geleitet, so bemerkt man, dafi die Spindel- 
figur sich als Ganzes nach der Anodenseite der Zelle verschiebt 
(Fig. 1) . Bemerkenswert ist dabei, dab die einzelnen Chromosomen, 
solange die Zelle durch den Strom noch unbeschadigt bleibt, ihre Lage 
im Spindelraum fast gar nicht verandern; ja, es findet fast keine 
relative Bewegung zwischen den einzelnen Chromosomen und 
der die Chromosomen umgebenden Spindelsubstanz, d.h. dem Atrakto- 
plasma (FUJII 1931) ^> statt. Unter der rechtwinkligen Durchstro- 

1) FUJii hat in seiner Monographie vorgeschlagen, die den _ Spindelra\mi 
fullende Substanz, in ihrer physikalisch-chemischen Beschaffenheit voin Zyto- 
plasma unterscheidehd, das „Atraktoplasma“ zu nennen. 
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mimg gegen die Teilungsachse bewegen oder biegen sich die Chromo- 
somen innerbalb des Spindelraums aucb kaiim und die Spindel als 
Ganzes fast nicht. Der Raummangel an der Anodenseite der Zelle 

wiirde hierbei fiir 
das Nichtbewegen der 
Spindelfigur verant- 
wortlich sein. 

Falls die Strom- 
intensitat verhaltnis- 
mafiig grofi ist, kommt 
mitunter eine der 
Plasmolyse ahnliche 
Erscheinung an der 
Kathodenseite der 
Zelle zum Vorschein. 
Daher geht der Pro- 
toplasmawandbelag — 
wahrscheinlich elek- 
troosmotisch?— an der 
genannten Seite von 
der Zellwand ab, wo- 
bei die Zelle sich 
im etwas hypotonisch 
wirkenden Medium 
befindet. Mit dem 



Fig. 1. Eine Haarmittelzelle in der Anaphase, schema- 
tisiert. Das angequollene Zytoplasma ist dunn punktiert 
und das entqnollene dicht. A) Vor der Durchstromung. 
Die Spindel befindet sich in der Mitte der Zelle. B) 
Durch die Durchstromung bewegt sich die Spindelfigur, 
zur anodischen Seite der Zelle hin. C) Der Pol um- 
gekehrt. 


Strom- Abschliefien wird aber, wenigstens mikroskopisch, eine augen- 
blickliche Wiederherstellung verbunden. 

Leitet man den Strom nicht allzu lange durch die Zelle, und wird 
die Zelle dadurch nicht so beschadigt, so geht die sich einmal anodisch 
verlagerte Spindelfigur beim Stromunterbruch fast gleichzeitig 
schnell zu ihrer Anfangsstelle in der Zelle zuruck. Bei der in solcher 
Weise ein- oder vielraal durchstromten Zelle, wobei die Wirkungs- 
bedingungen eine gewisse Grenze nicht uberschreiten, konstatierte 
ich, dafi diese eben nach dem Strom-Unterbrechen ihre Mitose weiter 
fortsetzt und endlich zwei normale Tochterzellen bildet. 

Der intrazellulare Hin- und Riickgang der Teilungsfigur tritt 
bei diesen Versuchen erst in der spaten Prophase ein und dauert bis 
zum Beginn der Scheidewandbildung; dieser ist ja in der Meta- 
und Anaphase am leichtesten. 

Beim "Obertritt der Stromintensitat sowie auch der Wirkungs- 
zeitdauer bewegt sich die nach der Anode hin wandernde Spindel- 
figur infolge der Gelifizierung des Plasmas nicht mehr zuruck; das 
Plasma koaguliert und die Chromosomen werden deutlicher von ihrer 


i 
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Umgebung unterscheidbar, als ob sie elektrisch fixiert worden sind, 
Bei der sich in der spaten Anaphase befindlichen Zelle iibt solcher 
starke Strom eine bedeutende Verschiebung der mitotischen Figur 
aus; sie erhalt ihre Form nicht mehr imd eine .Biegimg in ihrer Mitte 
zeigt, worin der Phragmoplast liegt. 

Sehr merkwiirdig ist das besonders empfindliche Verhalten des 
Zytoplasmas in der Mitose bei Durchleitung des elektrischen Stromes. 
In der Tat wird durch die Stromanwendung eine polarisatorische 
Quell- und Entquellung des Zytoplasmas hervorgerufen, imd zwar 
findet die Entquellung des Zytoplasmas in der Anodenseite der Zelle 
und gleichzeitig die Quellung desselben in der Kathodenseite statt. 
Dieses polarisatorische gegenseitige Verhalten des Zytoplasmas in 
der einzelnen Zelle beobachtete ich in der sich teilenden, besonders 
der Endzelle des Haares am deutlichsten, da es dort geniigende 
Mengen von Zytoplasma gibt. 

Versuch 2 : Langdauernde Wirkung des schwachen 
elektrischen Stromes 

Ein schwacher Strom (0,001-0,05 mA) iibt in Wirklichkeit 
morphologisch fast keine sofortige Wirkung auf die Teilungsfigur 
aus. Jedoch, wenn solcher auf die sich teilende Zelle langdauernd 
Oder immerwahrend einwirkt, so tritt eine betrachtliche Hemmung 
des Teilungsfortganges ein. Wenn eine mitotlsche Figur in der 
Prophase mit solchem schwachen Strom fortwahrend behandelt wird, 
so sistiert die Mitose nicht nur ihren weiteren Fortgang, sondern die 
betroffene Teilungsfigur kehrt zuweilen wieder in den Rubezustand 
zuriick. Bei der Metakinese sowie auch der Meta- und friiheren 
Anaphase dagegen verzogern sich die Teilungsfortgange in verschie- 
denen Graden, sie vollenden jedoch schliefilich die Tochterkernbil- 
dung. 

Der Strom ruft beim Durchgang durch die Zelle keine bedeu- 
tende Verschiebung der mitotischen Figur, wie im Versuch 1, hervor, 
doch entsteht die Scheidewand etwas von der Mitte der Zelle entfernt 
an einem atypischen Ort. Ofters verschiebt sich die Scheidewandan- 
lage etwas nach der Anode, aber zuweilen etwas nach der Kathode. 
Aus den Ergebnissen der wiederholten Versuche komme ich zu der 
Folgerung, dafi die Scheidewandbildung unter solcher Bedingung Nei- 
gung zeigt, sich nach der Spitze des Haares zu verlagern. 

Bei dem Versuch 1 sowie diesem konnte ich jedoch nicht fest- 
stellen, ob sich einzelne Chromosomen aus der Spindelfigur loslosen 
und sich nach der Peripherie der Zelle verschieben, wie die Resultate 
Pentimalli’s und auch die Botta’s ergaben. Bisweilen wurden 
dennoch nach langer Durchstromung selten betrachtliche Ver- 
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anderimgen in der Anordnung der Chromosomen bemerkt. Diese 
Veranderimgen sind meines Erachtens nicht fiir eine direkte, son- 
dern vielmehr fiir eine seknndare Wirkung des Stromes zu halten; 
sie treten vermutlich infolge der elektrisch hervorgerufenen Hydra- 
tationsveranderimg des Zellinnern auf. Nur selten fiihrt die Zelle 
in der Mitose durch daiiernde Anwendung des schwachen Stromes 
eine friihzeitige Scheidewandbildung herbei ; in der Metaphase kommt 
deshalb schon eine Scheidewandanlage zum Vorschein, welche sich 
spater zu einer solchen unvollendeten entwickelt. 

Was das Verhalten des Zytoplasmas bei diesem Versuche betrifft, 
so erfahrt es morphologisch fast keine bedeutende Veranderitng, und 
zwar findet weder die elektrophoretische Verschiebung noch eine 
auff allende polarisatofische Quell- und EntqUellung desselben statt. 
Wird der Strom immerdauernd schrag gegen die Haarachse geleitet, 
so findet die Scheidewandbildung auch rechtwinklig gegen dieselbe 
statt, wobei sie jedoch, wie oben erwahnt wurde, nicht immer in der 
Zellmitte, sondern manchmal am atypischen Orte liegt.. 

Schlufibetrachtung 

Aus den Ergebnissen der vorliegenden Versuche (Versuch 1) 
stellte ich erstens fest, dafi unter der Einwirkung des Gleichstromes 
auf die lebenden Zellen von Tradesco-wtm-Haaren keine relative 
Bewegung zwischen den Chromosomen und der sie 
umgebenden Spindelsubstanz ( Atr aktoplasma) eintritt, 
indem die Spindel als Ganzes mitsamt ihrem Innern nach der Anode 
fortgeht ; und zweitens, wenn die Spindelfigur beim Stroniunterbruch 
sof ort zur Anf angsstelle zuriickkehrt, so nimmt sie wieder die Lage 
der Zellmitte ein. 

Bekannt ist, dab die elektrophoretische Verschiebungsfahigkeit 
des Teilchens nur wenig auf seinem Innern, sondern vielmehr auf 
der Oberflachen-Eigenschaft, namlich auf dem Zeta-Potential be- 
ruht ; danach scheint es mir immer hin noch nicht einwandf rei geklart 
zu sein, dafi die anodische Bewegung der Chromosomengruppe oder 
der Spindel der Ladung der Chromosomen zugeschoben 
werd'en kann. Falls man den Fortgang der mitotischen Figur 
fiir ein elektrophoretisches oder elektroosmotisches Verhalten an- 
sieht, bleibt die durch den Stromunterbruch hervorgerufene Erschei- 
nung des sofortigen Riickganges oder der Herbewegung der Spindel- 
figur unerklarlich, es sei denn, dab man eine starke Elastizitat des 
Protoplasten annimmt. 

Das Verhalten der Spindelfigur beim Versuch 1, in dem keine 
relative Bewegung der Chromosomen gegen die Spindelsubstanz ein- 
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tritt, iiberzeugt, daB die diirch den elektrischen Strom hervorgerufene 
Quell- und Entquellbarkeit des Zytoplasmas fiir die intrazellulare 
Verschiebbarkeit der Spindelfigur eine wichtige Rolle spielt. 

Es ist eine bekannte Tatsache, dafi der Gleichstrom eine Storungs- 
wirkung des lonenkonzentrationsgleichgewichts auf beiden Seiten 
des Diaphragmas ausubt, und zwar nimmt die H-Ionenkonzentration 
auf der Anodenseite ab und auf der Kathodenseite zu (vgl, Bethe, A. 
u. Toropofp, T, 1915 a, b) . Dieselbe Beziehung kann auch fur die 
Zelle, die mit der Zell- und Plasmamembran verschlossen ist, gefolgert 
werden, indem das Zytoplasma an der Anodenseite der Zelle (infolge 
der H-Ionenkonzentrationszunahme) entquillt; und dagegen an der 
Kathodenseite stark quillt. Unter solchen Umstanden ist es begreif- 
lich, daB die Spindelfigur zwischen den beiden Scheidewanden beim 
Ein- und Abschalten des Stromes wegen der polarisatorischen Hydra- 
tationsveran derung des Zytoplasmas lediglich passiv hin- und her- 
geschoben wird. 

Die weitere Bearbeitung fiber die Stromwirkung sowie das 
Ladungsproblem des Zell- und Kerninnern bleibt einem zukfinftigen 
Versuche vorbehalten, da ich daffir vielseitiger und erganzender 
Untersuchungen bedarf. 

Zum SchluB sei es mir gestattet, Herrn Dr. SlNOTd, unter dessen 
wohlwollender Leitung die vorliegende Arbeit entstanden ist, an 
dieser Stelle meinen verbindlichsten Dank auszusprechen. Des- 
gleichen bin ich Herrn Dr. Wada ffir seine liebenswfirdigen An- 
weisungen bei der Durchffihrung dieser Untersuchungen zu groBem 
Danke verpflichtet. 

Zusammenfassung 

Die Verschiebbarkeit der mitotischen Figur unter der Einwir- 
kung des Gleichstromes wurde bei den Staubfadenhaarzellen von 
Tradescantia reflexa im lebenden Zustande untersucht. Die wichtigen 
Ergebnisse lauten wie folgt: 

1. Die Spindelfigur verlagert sich unter der Einwirkung eines 
geeignet starken Stromes als Ganzes nach der Anode, wobei eine 
relative Bewegung zwischen den Chromosomen und der Spindelsub- 
stanz (Atraktoplasma) kaum erkennbar ist; beim Stromunterbruch 
kehrt sie auch als Ganzes schnell zu ihrer Anfangsstelle zurfick und 
kommt danach wieder in die Mitte der Zelle. Diese reversible Hin- 
und Herbewegung der Spindelfigur wird daher nicht als Elektro- 
phorese der Chromosomen angesehen ; sie scheint vielmehr auf ver- 
schiedenen polarisatorischen Veranderungen des Zytoplasmas zu 
beruhen. 
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2. Unter dem zu starken Strom oder der zu langen Wirkungs- 
dauer bewegt sich die Spindelfigur einmal auff allend anodisch hin, 
jedoch infolge der Gelifikation des Zytoplasmas kehrt sie nicht mehr 
zu ihrer Anfangsstelle zuriick. 

3. Die Verschiebbarkeit der Spindelfigur fangt bei der spaten 
Prophase an und dauert bis zur Scheidewandbildung, wobei sie in 
der Meta- und Anaphase am starksten ist. 

Genetik-Abteilung, Botanisches Institut, 
Naturwissenschaftliche Fakultat der 
Kaiserlichen Universitat zu Tokyo 
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Morphology of the Chromosomes oi Drosophila ammssae 
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Introduction 

Drosophila, ananassae Doleschall {D. carihhea, Sturtevant) is 
widely distributed in tropical regions of both the Eastern and Western 
Hemispheres (Kikkawa, 1936). Sturtevant (1921) in his study of 
the North American Drosophilinae recorded the occurrence of D. 
carihhea, in Brazil, Central America, and the islands of the Caribbean 
Sea. In the autumn of 1933, and in subsequent years, this species 
was collected at Tuscaloosa, Alabama, which is considerably north 
of the southern limit of that area in which freezing temperatures may 
be expected. The repeated occurrence of the species over the period 
indicated suggests that it may survive the winter in Alabama, rather 
than be reintroduced annually. Temporary importation of D. ana^ 
nassae from the tropics to a more temperate region has been reported 
by Moriwaki (1935), who collected the flies in Tokyo in 1981, but 
was unsuccessful in subsequent attempts. 

The flies breed well in the laboratory under the same culture con- 
ditions commonly employed for D. melanog aster. Stocks of the Tusca- 
loosa material which have been maintained over the past three years 
were used predominantly in the present study, another stock, secured 
from Japan, serving for comparison. 

The chromosomes of D. carihhea were first studied by Metz 
(1916) from material collected in Panama and Cuba; He described 
the female complement (oogonial) as consisting of four pairs of V-* 
shaped chromosomes, one of which is shorter than the other three; 
His figures and diagrams of spermatogonial chromosomes show a 
V-shaped X and a rod-shaped Y. Kaufmann (1936a, 1936b) reported 
that ganglion cells of the larvae of both the Alabama and the Japanese 
stocks possess an unequal-armed, J-shaped Y-chromosome. Kikkawa 
(1936) likewise found a J-shaped Y in spermatogonial cells of his 
material. In the present article there will be presented a more 
detailed account, of the chromosomes of the ganglia and the salivary 
glands. 
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For the study of these cells temporary aceto-carmine prepara- 
tions were used. Salivary glands remained in the stain about one- 
half hour, the ganglia for 1-2 hours prior to transferring to a slide. 
The cells were flattened by rolling a glass vial heavily weighted with 
mercury across the cover. It was found that if the customary paraffin, 
gum-mastic seal was supplemented by the occasional application of 
a thick solution of gum shellac or lacquer, the preparations could be 
kept in a condition suitable for study over a period of several weeks. 
Such slides may be made permanent by removing the seal and ex- 
posing them to the vapor of dioxan in a closed chamber for a few 
days.^) A thin solution of gum dammar is then permitted to seep 
beneath the cover. By this method removal of the cover is unneces- 
sary, and the relocation of a given cell in the smear is facilitated; it 
is especially useful in the study of the neurocytes. Observations and 
drawings were made using a 1.4 condenser, a 1.4 apochromatic objec- 
tive, and compensating oculars. 

Chromosomes of the Ganglia 

The Constrictions — The chromosome complement consists of 
three pairs of V-shaped autosomes and the sex chromosomes. These 
are a pair of V-shaped X-chromosomes in the female, an X and a Jr 
shaped Y in the male. The three pairs of autosomes are designated 
in this paper as A (the longest at metaphase), B (of intermediate 
size),- and 4 -(the shortest) , since it is uncertain which of pairs A and 
B correspond with the second and third chromosome linkage groups 
determined by Moriwaki (1935.) and Kikkawa (1936). 

The X-chromosomes and all of the autosomes have a median to 
submedian primary constriction or spindle attachment region (text- 
figs. 1-22). The secondary constrictions vary considerably in the 
degree of their visible expression in different nuclei, but a survey of 
several cells leads to the following interpretation. 

Autosomes A in favorable late prophase and early metaphase 
figures show two distinct secondary constrictions in each arm. Of 
these the proximal exist at about one fourth of the distance along 
the longer arm, and one third of the distance along the shorter arm, 
where they delimit the heteropyknotic areas bordering the primary 
constriction region. The distal portion of each arm is bisected by 
another constriction (text-figs. 3, 9). Suggestions of the existence 
of subterminal constrictions occasionally have been seen (text-figs. 
16, 18). 


1) The use of dioxan was recommended by Elizabeth G. Lawrence in Drosophila 
Information Service No. 6, 1936. 
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In the B chromosomes the most pronounced constriction is sub- 
median in the longer arm, and during the prophases frequently divides 
the chromosome into two widely separated portions (see especially 
text-figs. 5-7) . This constriction appears to flank the heteropyknotic 
area adjacent to the spindle attachment region, as does also a less 



Text"Flgs. 1-9. Prophases, neurocytes of larvae of Drosophila ananassae. 1-3, female, 
only the fourth chromosomes associated with the nucleolus. 4-9, male, the Y-chromo- 
some also associated with the nucleolus. A— the longest autosomes ; B— the second 
longest autosomes ; 4— the shortest autosomes or fourth chromosomes; X— the X- 
chromosome; Y— the Y-chrdmo'some. Nucleolus stippled, x ca. 2900. 
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pronounced constriction in a similar position in the shorter arm (text- 
tig's. 1, 3) . 

In the fourth chromosomes both limbs often reveal subterminal 
constrictions (text-tigs. 2 , 16, 18). That of the longer limb repre- 
sents the position at which the development of the nucleolus normally 
occurs. This may be determined from a consideration of the pro- 
phases, when the nucleolus separates a chromomere-like satellite from 
the remainder of the longer arm. Such detail, which is visible only 
in deeply stained preparations because of the small size of the satellite, 
is shown in text-figure 8. The fourth chromosomes alone are asso- 
ciated with the nucleolus in the prophase cells of the female, but in 
the male three chromosomes maintain such association, since the long 
arm of the Y also possesses a nucleolus-forming region. As in the 
autosomes, the satellite is separated from the bulk of the chromosome. 



Text-Figs. 10-18. Anaphases (figs. 10-12), late prophases and metg phases (figs, 13-18) 
of nenrocytes of larvae of D. ananassae. 10, - 16-18 from female larvae ; 11-15 from 
male larvae, Legend as for figs. 1-9. x ca. 3600, 
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a delicate connecting chromatic thread traversing the nucleolus (text- 
fig. 8). Another constriction occurs in the long arm of the Y, about 
one-fourth of the distance from spindle attachment to distal end 
(text-figs. 4, 7, 8, 13). 

In the X-chromosomes, submedian secondary constrictions border 
the heteropyknotic regions on each side of the spindle attachment 
region. Other constrictions are subterminal in these chromosomes. 

Heteropyknosis — In the resting nuclei and in the early prophases, 
before the chromosome complement becomes defined clearly, certain 
deeply staining bodies may be recognized. The largest, which lie in 
contact with the nucleoli, often reveal the tightly coiled chromonemata 
characteristic of contracted chromosomes. They have been inter- 
preted accordingly as the chromosomes concerned with nucleolus 
formation, namely, the fourth chromosomes in the female, the fourths 
plus the Y in the male. Other smaller, deeply staining bodies probably 
represent those heteropyknotic regions which lie adjacent to the 
spindle attachment regions in the X and the longer autosomes. Thus, 
in some male nuclei five pairs of dot-like or rod-like bodies were seen, 
which may be interpreted as the proximal portions of the chromosomes 
A, B, and X. At this stage the more distal portions of these chromo- 
somes stain weakly, and are indistinguishable. 

Heteroploid Nuclei — In several of the ganglia, both male and 
female, tetraploid cells were observed (text-figs. 21, 22). , Usually 
but one or two such 

cells per ganglion ^ i 




I # 


cells per ganglion ^ J 

were seen ; occa- '^^***\, ^ 

sionally, however, j ^ J 

large patches of 

tetraploid tissue oc- ^ j| 

curred. 19 

Two of the ^ 5^ 

ganglia studied sug- ^ 

gested that the in- M /\\ li k \ 
dividuals from which A AN ' “ 1^ 

they were dissected ® li’ 

had arisen follow- 1 

ing non-disjunction. 2i 22 

Thus, in one case, Text=Figs. 19-22. 19 Trisomic, triplo-fourth female. 20 
all of the cells were from an XO individual. 21 an anaphase group of a 

trisomic for the fourth “■ 

chromosome (text-fig. 

19) ; in the other case, only one sex chromosome was present, an XO 
individual (text-fig. 20). 




Text=Figs. 19-22. 19 Trisomic, triplo-fourth female. 20 
from an XO individual. 21 an anaphase group of a 
tetraploid cell. 22 metaphase plate of a tetraploid cell. 
X ca. 3500. 
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The Salivary Chromosomes 

Kikkawa (1935) first indicated that the number of strands 
radiating from the chromocenter in salivary gland nuclei of D. ana- 
nassae was six, rather than the eight to be expected from the con- 
jugation of four pairs of V-shaped chromosomes. More recently, 
Kikkawa (1936) and Kaufmann (1936a) have determined indepen- 
dently, employing different criteria, that the six strands represent 
the arms of the four longer autosomes and the X-chromosomes, the 
fourth chromosomes being reduced to a small heterochromatin mass 
forming part of the chromocenter. 

The Structure of the Chromocenter — Salivary glands were 
selected mostly from female larvae preparing to pupate. In the nuclei 
of these glands the proximal regions of the paired homologues form 
a compact chromocenter, from which the more distal portions of the 
chromosome arms radiate into the nuclear cavity (Plate 40, figs. 1, 2) . 
The chromocenter frequently has been disrupted into its component 
parts (Plate 40, figs. 3, 4) by use of the method of smearing described 
in the first section of this paper. When the connections between the 
chromosome arms are thus revealed, it is found that the six strands 
possessing euchromatic sections represent the right and left limbs 
of three of the conjugated pairs of V-shaped chromosomes. The 
regions of these chromosomes adjacent to. the primary constrictions 
contribute, therefore, to the formation of the chromocenter. But in 
addition thereto, the chromocenter discloses, following its fragmenta- 
tion, a small, bipartite mass, frequently associated with the nucleolus 
(text-fig. 24; Plate 40, figs. 3, 4). That this heterochromatic mass 
represents the fourth chromosomes is suggested by the similar 
nucleolus-chromosome relationship of the ganglion cells. The validity 




Text-Figs. 23-24-. Nucleolus-satellite relationship in salivary gland nuclei of D. ananas- 
sae. 23 satellite with ten visible bands. 24 satellite attached to heterochroniatic 
body representing one arm of the paired fourth chromosomes, x 2250. 
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of such an interpretation receives further support from the existence 
in the salivary nuclei of a small, cone-shaped, banded body associated 
with the nucleolus, and also connected with one of the two arms of 
the bipartite section of the chromocenter (text-figs. 23, 24, Plate 40, 
figs. 3, 5, 6). The conical, banded body may be regarded, therefore, 
as the chromomere-like terminal segment of the longer arm of the 
fourth chromosomes. Its chromatic nature, together with that of the 
strand with which it is connected to the chromocenter, has been 
determined by the Feulgen technique. That the satellite represents 
conjugated sections of two homologous chromosomes is revealed when 
failure of pairing occurs in certain regions (see text-fig. 23). As 
indicated in text-figures 23 and 24, the satellite has about ten distinct 
visible bands.' In some nuclei, however, the banding is less clearly 
defined because the chromonemata and the chromomeres are widely 
spaced. 

The shortest of the chromosome arms with euchromatic sections 
represent the X-chromosomes. Such identification follows compari- 
son of male and female cells, in the former of which the X exists in 
the slender haploid condition (Plate 40, fig, 3) readily distinguishable 
from the paired condition in the female. It is uncertain at present 
which of the four longer arms represent the second and third chromo- 
somes. Experiments to determine this point are now in progress, 

Discussion 

The Chromocenter — In D. ananassae, as in other species of 
Drosophila, there exists both in the resting stages of mitotic cells and 
in the salivary gland nuclei, that type of deeply staining chromatic 
region, which Heitz has designated as the chromocenter. That such 
regions of resting mitotic nuclei represent heteropyknotic chromo- 
somes, or portions thereof, is evident from the contained chromo- 
nemata which they sometimes reveal (Kaufmann, 1934) as well as 
from their behavior through the mitotic cycle. When in close contact 
the heteropyknotic regions form a “Sammelchromozentrum”, which 
is to be regarded, therefore, as a close approximation of these bodies 
rather than as an amorphous, vacuolated aggregate. 

That the chromocenter of the salivary gland nucleus represents 
the heteropyknotic regions Of the mitotic chromosomes was suggested 
by Heitz (1933a). There is at present, however, no uniformity of 
opinion concerning the structure of the chromocenter of the salivary 
gland nucleus. The concept of an amorphous, or undifferentiated 
chromocenter has been presented (Heitz, 1933a, 1933b; Painter, 1935; 
Painter and Stone, 1935 ; Koller, 1935) . Contrasting with such inter- 
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pretations are those involving specific organization within the chromo- 
center. Several of the recent studies have indicated that the chromo- 
center is composed primarily of the proximal regions of the con- 
tributing chromosomes. Such structure is especially well demon- 
strated by dissociation of the chromocenter following pressure in 
smearing (Frolowa, 1936; Bauer, 1936c; Plate 40, fig. 4 of the present 
paper) . The pressure not only separates the chromosomes from each 
other but reveals the heterochromatic connections between the arms 
of the V-shaped members of the complex. At the same time the 
chromomeric, banded nature of the heterochromatin is disclosed most 
strikingly (cf. Prokofjeva-Belgovskaja, 1935a, 1935b; Muller and 
Prokofjeva, 1936; Frolowa, 1936; Bauer, 1936b, 1936c). Bauer’s 
searching analysis of this problem reveals that the heterochromatic 
regions of the chromosomes of Drosophila and the Chironomidae 
contain the same number of chromonemata as the euchromatic, but 
that heterochromomeres differ in structure from the euchromomeres. 

The fourth chromosomes of ganglion cells of D. ananassae are 
unique among the autosomes of species of Drosophila so far described 
in that they are totally heteropyknotic, and stand, therefore, as an 
exception to the generalization that sex chromosomes are hetero- 
pyknotic to a far greater extent than the autosomes of the same group 
(cf. Heitz, 1935). Moreover, the fourth chromosomes are essentially 
'‘inert”, since only three linkage groups have been described in D. 
ananassae, those of the X-chromosomes and of the two pairs of longer 
autosomes (Moriwaki, 1935; Kikkawa, 1936). In salivary gland 
nuclei, however, the fourth chromosomes are represented by a 
sizeable mass of heterochromatin, plus the satellite, contrasting there- 
by with the more restricted expression of such “inert” chromosomes 
as the Y of this and other species. If the amount of banding is an 
indication of the genic content of heterochromatic regions, as Frolowa 
(1936) has suggested, it is probable that further genetic studies will 
reveal genes in the fourth chromosomes. The satellite alone possesses 
at least ten bands, and many others exist in the arms which form 
part of the chromocenter. It would not to be expected that if the 
fourth chromosomes were totally inert, they would have been retained 
in all populations of a species so widely distributed as D. ananassae. 
It is now known that the term “inert” is purely relative, and is 
essentially a misnomer as applied to heterochromatin (cf. Schultz, 
1936). 

The exact portions of the fourth chromosomes which form the 
banded heterochromatin of the salivary gland nucleus could not be 
determined. The general organization of the chromocenter suggests 
that the spindle fiber attachment regions of the chromosomes may be 
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represented. In addition the satellite and the adjoining region of the 
long arms seem to be present. If this interpretation is correct, it is 
interesting to note that the satellite, which comprises about one 
fifteenth to one twentieth of the length of the mitotic prophase chro- 
mosome, is in the salivary gland nucleus more than half as long as 
the remainder of the long arm. 

Kikkawa (1936) refers to the fourth chromosomes of his material 
as J-shaped, suggesting thereby the existence of a type differing from 
the V-shaped chromosomes of the present study. The occurrence of 
different types of Y-chromosomes in D. ananassae has been indicated 
in an earlier publication (Kaufmann, 1936a). That considerable 
variation may occur in the shape of the “inert” Y-chromosome of a 
species, has been shown by Dobzhansky’s studies of D. pseudoobscura. 

The Position of the Nucleolus — ^The existence of nucleoli in the 
autosomes of D. ananassae contrasts with the situation in other species 
of Drosophila in which their development occurs in the sex chf omo-- 
somes. Association of the nucleoli with the X- and Y-chromosomes 
in mitotic cells of Drosophila was first reported for B. melanogaster 
(Kaufmann, 1933, 1934) , and independently by Heitz for this and 
other species (1933a, 1933b). Although in D. ananassae the Y-chro- 
mosome possesses a nucleolus-forming region, the X-chromosome 
normally is not associated with the nucleolus. It is tempting, there- 
fore, to postulate that this unique situation may have resulted from 
translocation of the nucleolus-forming region from the X to an auto- 
some during the processes of speciation. But beyond the fact that 
the nucleoli of all species of Drosophila so far studied develop in 
heteropyknotic regions of chromosomes, there is little evidence to 
support such an assumption. Heitz (1933b) has emphasized that 
the chromosome-nucleolus relationship is independent of heteropyk- 
nosis and of the nature of the sex chromosomes, and Bauer’s studies 
lead him to the conclusion that fundamentally many chromosome sec- 
tions have the capacity for nucleolus formation (1933b). 

In mitotic cells delicate chromatic threads connect those parts 
of the chromosome dissociated by the development of the nucleolus. 
That similar strands exist in the salivary gland nuclei of Drosophila 
has been reported prior to the present publication (Heitz, 1934; 
Kaufmann, 1934; Frolowa, 1936). When tested by the Feulgen 
method, I have found, as has Frolowa, that such threads give the 
characteristic reaction of chromatin, although Heitz (1935) defines 
them as “anukleal.” On the basis of Bauer’s recent studies, the 
threads may be regarded as aggregates of chromonemata. The con- 
nection between the chromosome and its satellite in the salivary gland 
nucleus of D. ananassae, for example, appears frequently as a loose 
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association of individual threads. In the satellite also, the nature of 
distribution of the chromonemata of the homologues, with their con- 
stituent chromomeres, determines whether the aspect of banding, or 
some less precise pattern, results. 

The nucleolus-chromosome relationship of salivary gland nuclei 
seems to be defined less clearly in other species of Drosophila. 
Painter (1934) notes that in D. melanog aster none of the elements 
shows a constant association with the plasmosome. Frolowa (1936) 
finds that the nucleoli of D.virilis, D. funebris, and D. melanog aster 
are united with the small chromocenter, and through it to all the 
chromosomes, although in D. funebris the union seems at times to 
be between the nucleolus and the inert part of the X-chromosome. 
The latter situation conforms with that of D. ananassae and such 
Diptera as Bibio (Heitz and Bauer, 1933), Simulium (Geitler, 1934), 
and Chironomus (Bauer, 1935) in which the nucleolus of the salivary 
gland cell is associated with a designated section of a certain chromo- 
some. 

The Constrictions — -Pronounced similarities exist between certain 
of the chromosomes of D. ananassae and those of D. melanogaster. 
Thus, of the three secondary constrictions which have been identified 
in each arm of the third chromosomes of D. melanogaster (Kaufmann, 
1934) , the subterminal ones alone are not pronounced in D. ananassae, 
although intimations of their existence have been encountered. More 
striking is the resemblance between the pronounced submedian con- 
striction in the left arm of the second chromosome of D. melanogaster 
(Kaufmann, 1933, 1934; Prokofjeva, 1935), and a similar secondary 
constriction in one arm of the B chromosomes of D. ananassae. That 
such cytological evidences as similarity of form of chromosomes and 
positions of constrictions are inadequate, however, as a test of simi- 
larity, of genic content has been emphasized in the recent studies of 
Dobzhansky (1935b) and Dobzhansky and Tan (1936). Despite 
striking similarity of the somatic metaphase chromosomes of females 
of B. pseudoobscura and D. wirntida, the salivary glands show that 
not a single chromosome of miranda is identical with any chromosome 
of pseudoobscura. In light of such information it seems extremely 
hazardous, as Dobzhansky and Tan, and Bauer have emphasized, for 
cytologists to continue to utilize topographical features of metaphase 
chromosomes as the sole criteria in postulating similarities between 
the chromosomes of different species. 

Summary 

1) The chromosome complement of D. awamssao, studied in 
the neurocytes, consists of three pairs of V-shaped autosomes and 
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the sex chromosomes. These are a pair of V-Shaped X-chromosomes 
in the female, an X and a J-shaped Y-chromosome in the male. The 
chromosomes may be distinguished by relative sizes and characteristic 
constrictions. 

2) The fourth chromosomes and the Y-chromosome appear 
totally heteropyknotic in resting and early prophase stages of mitotic 
cells. Short heteropyknotic regions lie adjacent to the spindle at- 
tachment regions of the X-chromosomes and the four longer auto- 
somes. 

3) In salivary gland nuclei there are but six chromosome arms 
with euchromatic sections. Four of these represent the paired arms 
of the longer autosomes, the other two the X-chromosome arms. The 
fourth chromosomes are represented in salivary gland nuclei by a 
small bipartite mass of heterochromatin which forms part of the 
chromocenter. 

4) In mitotic prophases of female larvae the fourth chromo- 
somes are associated with the nucleolus, which separates a small 
satellite-like portion from the remainder of the long arm of these 
chromosomes. In the male the Y-chromosome forms a third member 
of the group associated with the nucleolus. 

5) The fourth chromosome-nucleolus-satellite relationship is 
also evident in salivary gland nuclei, the satellite appearing as a 
banded body associated with the nucleolus, and also connected with 
the fourth chromosomes by chromatic strands. 

6) The chromocenter of mitotic cells.and of the salivary gland 
cells is not amorphous, but discloses, under suitable conditions, the 
limits’ of the component chromosomes. 
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Description of Plate 40 

Photomicrographs of salivary gland chromosomes of Drosophila ananassae. Figs. 1, 

2 , 4, 5 from female larvae ; figs. 3 , and 6 from male larvae. 

Figs. 1 and 2— Showing the six chromosome arms with euchromatic sections. Four of 
the six arms are associated at the chromocenter ; the other two have been 
separated. The paired X-chromosomes are represented by the two shortest 
arms ; the four longer arms represent chromosome pairs A and B. 

Fig. 3— Chromocenter dissociated by pressure in smearing. The totally hetero- 
chromatic fourth chromosomes (4) and the appended satellite are associated 
with the nucleolus. The unpaired X, left center and crossing the nucleolus 
in the photograph, exists in the slender haploid condition characteristic of 
the male. 

Fig. 4— Separation of the components of the chromocenter following smearing. The 
continuity of the arms of the chromosomes is demonstrated. In smearing, the 
nucleolus has been dragged some distance from the fourth chromosomes (4). 

Figs. 5 and 6--The nucleolus and the satellite associated with that portion of the 
chromocenter representing the fourth chromosomes. 
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Chromosome Variatiom in the Progeny of Triploid 
Mium 
. By 

Masayosi Sato 

Tokyo Imperial University 

For Lilium tigHnum Ker-Gawl. two kinds of cMromosome num- 
bers have been recorded. Coulter, Chamberlain and Schaffner (1897), 
Schaffner (1906), Belling (1928) and Siang (1932) observed 12 
meiotic chromosomes, while recently Takenaka and Nagamatsu 
(1930) first found a triploid tiger lily having 36 somatic chromosomes 
which number was confirmed by Sato (1932), Sass (1934), Mather 
(1935) and others. From this it has becomxC evident that this plant 
contains both diploid and triploid forms. In Japan however no 
diploid tiger lilies have ever been found, as far as the writer is 
aware. Concerning the fertility of this lily two. different views have 
also been proposed. Elwes (1880) early stated that “1 saw never the 
capsule and seeds though they are figured by Nees von Eisenbeck. . .” 
Recently Wilson (1926) reported also that “During my travels in Far 
East I never saw Liliim tigrinum bearing fruit,” Stout (1926) 
secured more than 200 bulbs of the lily from various sources and 
made a large number of both self- and inter-pollinations. In no case 
however did even a capsule start to develop, which proved that this 
plant was entirely self- and inter-sterile. Takenaka and Nagamatsu 
(1930) stated “the cause of sterility in Lilium tigrinum is ascribed 
to the irregular meiosis in the formation of non-viable pollen grains 
with abnormal chromosomes or gene complements”. But Stout 
(1933) interpreted the cause of sterility from the physiological view 
point that the sterility of this plant is caused by self -incompatibility. 
On the other hand, it has been reported that it was possible to set 
seeds of the tiger lily. Early in 1880, Elwes stated Mr. Hanson, of 
New York, informs me that he has been successful in raising seed- 
lings from this plant, some of which differed markedly from the 
parent, both in forms and colour of the leaves and flowers ; . . . Ohga 
(1932) reported with an illustration the production of fruit of this 
plant under natural conditions. The present writer also obtained 
seeds of triploid tiger lily which was growing wild. The germination 
rate of these seeds was 8.2% (Sato 1932), Since then the writer 

1) Contributions from the Divisions of Plant-Morphology and of Genetics, 
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conducted self- and inter-pollinations of the triploid lily every year 
and obtained some capsules containing both viable and non-viable 
seeds (Figs. 1, 2). The seeds were sown in pots which were kept 


Fig. 2. X 1/2. The same capsule as shown in Fig. 1, 
in its ’matared stage (right), together with all the 
seeds contained in it (left). 


Fig. 1; A triploid Lilium 
tigrinum bearing a capsule. 

Xl/6. 

in the green house. Root-tips of the seedlings were fixed with 
Lewitsky’s fluid. Paraffin sections were cut at 18-20 ^ in thickness 
and stained with Heidenhain’s iron-alum haematoxylin or Newton’s 
iodine gentian violet. Magnification of the text-figures x 1125. 


Observation 

Vanation in chromosome number. As stated above the tiger lily 
grown in Japan has 36 somatic chromosomes and it was also' found 
by the writer (1932) that its variety flore-pleno had the same number 
of chromosomes. Later Mather (1935) found two triploid varieties, 
“Fortunae giganteum’* and “splendens”. 

By examining metaphase figures found in the root-tip cells of 
each of the progeny raised from the seeds obtained by the writer as 
mentioned above, it was proved that the chromosomes were notably 
variable in their number among individuals of the young tiger lilies> 
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ranging from 24 to 39 excepting 31 (Table 1). The number 24 is 
such as is found in the diploid forms, and the number 36 is nothing 
but that of the mother plant. Besides these, certain plants with very 
small chromosomes, namely fragments (f) were found; 25 + f, 
26 + f, 27 + f and 28 + f (Figs. 9, 10). The frequency of the in- 
dividuals with 26 or 28 chromosomes was found to be the highest 
(Table 1). 


Table 1. Distribution of chromosome numbers in the first generation progeny of 

triploid Lilium tigrinum 


Chromo- 

some 

number 

^ 24 26 26 27 28 29 30 31 32 33 34 35 36 37 38 39 

. 

Sum 

26 26 27 28 
+f H-f -ff -1-f 

Sum 

i 

Frequency 

(Individuals) 

4 416 414 4 8 0 6 1 1 411 1 1 1 

79 

3 1 2 2 

8 


From the facts obtained above it becomes evident that the first 
generation progeny of the triploid tiger lily consisted of at least 19 
different sorts of individuals as regards their number of chromo- 
somes, i.e., those with all the serial numbers, except 31, between 24 
and 36, those with hypertriploid numbers (37, 38, 39) and those 
with fragments. It will be seen in the next paragraph that in the 
present case the same number of chromosomes does not imply con- 
stitutional similarity of the complements. 

Varidtion in chromosome morphology and karyotypes. The 36 
somatic chromosomes consisted of 3 long chromosomes with median 
constrictions, 3 long ones with sub-median constrictions and 30 
medium ones with sub-terminal or terminal constrictions (cf . Sato 
1932) . The longest chromosomes are V-shaped with a sub-median 
constriction, the length difference between the arms being usually 
in the proportion of 3 ;2. 

In accordance with the variation in the number of chromosomes 
the outward appearances of the young plants were also not uniform. 
The differentiation of each definite chromosome was difficult and 
even some of the chromosomes seemed to have changed their form 
and size. However the large V-chromosomes could be detected with- 
out difficulty. Taking these V-chromosomes only into consideration 
the progeny may be divided into two groups with respect to the chro- 
mosome complements : 1) those with the same total chromosome num- 
bers but with a varying number of V-chromosomes ; 2) those with dif- 
ferent chromosome numbers but with the same number of V-chro- 
mosomes. The examples of the former case are shown in Figs. 4 
and 7, both presenting the same complement with 26 chromosomes. 
The number of V-chromosomes is 4 in Fig. 4 and 5 in Fig. 7. The 
examples of the latter case are seen in Figs. 3-6, and Figs. 7 and 8. 
In Figs. 3-6, 4 complements with different chromosome numbers (25, 
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Pigs. 3-10. Eight different chromosome complements obtained from 8 individuals of 
the first generation progeny of triploid Lilium tigrinum. X1125. 3, 2n=26. 4 V-chro- 
mosomes (in black); 4, 2n = 26. 4V’s; 5, 2n = 29. 4 V’s; 6, 2n = 34. 4 V’s; 7, 

2n = 26. 5 V's ; 8, 2n = 28. 5 V's ; 9, 2n = 26+f. 2 V’s ; 10, 2n = 26+ f. 2 V’s. 

26, 29, 34) are shown, in each of which 4 V-chromosomes can be 
recognized, while Figs. 7 and 8 each show 5 V-chromosomes, though 
they present different complemental chromosomes (26 and 28). In 
some of the plants only two V’s in addition to other kinds of chromo- 
somes 23-26 in number could be observed as shown in Figs. 9 and 10, 
where one fragment is found respectively. 

From the facts stated above it may be said that the first genera- 
tion progeny of the tiger lily have attained a remarkable variation 
of karyotypes, though they have been considered only from the stand 
point of the large V-chromosomes. 


Considerations 

In the first generation progeny of the triploid tiger lily, 15 
kinds of somatic chromosome numbers, ranging from 24 to 39 except- 
ing 31, were found, 24 and 36 are the chromosome numbers of 
diploid and triploid forms respectively, while the numbers 37, 38, 39 
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are of hypertriploid type. These varying numbers must have arisen 
by the gametes with irregular numbers of chromosomes being pro- 
duced by the autotriploid mother plant. And the production of the 
anormal gametes may be due to irregular meiosis or due to structural 
change taking place in chromosomes during the course of develop- 
ment of the pollen grains or embryos. Anormal formation of pollen 
grains in the triploid plant was already described by Takenaka and 
Nagamatsu (1930) and the writer (cf. Sato 1932, Fig. 3). Con- 
sidering the chromosome numbers found in the progeny examined 
at least 16 kinds of gametes might have been formed by the mother 
plant. The chromosome numbers being distributed into these 
gametes are presumed to be from 12 to 27, and 69 combinations 
(karyotypes) of these distributed numbers are expected to occur. 
From the range of the somatic numbers mentioned above the in- 
ference may be drawn that the gametes with less chromosomes than 
12 were not viable and the gametes with from 12 to 14 chromosomes 
were most frequently formed. 

The karyotypes of the plants examined showed a remarkable 
variation as was expected, though in the present case the karyotypes 
were analyzed only from the stand point of the large V-chromosomes. 
It seemed that some of the chromosomes underwent a structural 
change since the fragments were often found in certain plants. 
Further examination will make clear this point among others. 

According to the previous investigators (Takenaka and Naga- 
matsu, Mather) the triploid lilies have a number of bivalents and 
univalents beside trivalents; so from this fact together with the re- 
sults obtained in the present work it may be considered that the 
triploid tiger lilies with 36 chromosomes had a certain number of 
chromosomes with changed structural portions besides having homo- 
logous and non-homologous chromosomes. The degree of sterility 
can not be said to be uniform in all living triploid lilies, though they 
may be clones of not so many sources, because the different con- 
stitutions of the karyotypes may act in different ways even as regards 
this phenomenon. The occurrence of only triploid lilies with 36 
chromosomes in nature, notwithstanding the formation of the progeny 
with different chromosome complements as shown in this work, is at 
present unknown, but the viability of the plants with chromosomes 
other than triploid numbers or non-viable combinations of chromo- 
somes must be taken into consideration in this connection. 

Summary 

The first generation progeny raised from the seeds obtained by 
self- and inter-pollinations of the triploid Lilium tigriniim have been 
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examined with a view of obtaining evidence of variation of their 
chromosome complements. The plants examined varied markedly 
in their somatic numbers representing all the numbers between 24 
and 39, except 31. Beside these, there were found a number of plants 
with fragments, i.e. 26 + f, 26 + f, 27 + f and 28 d-f. The karyo- 
types were analyzed from the stand point of large V-chromosomes, 
which showed that the karyotypes were not uniform in these plants. 

The writer is deeply indebted to Dr. Y. Sinoto who has given 
him kind advice and criticism. Thanks are also due to Dr. Y. 
Takenaka who kindly gave him some material for the present study. 

Division of Genetics, Botanical Institute, 
Faculty of Science, Tokyo Imp, University 
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ilber eine diplo-tetraploide Chimare bei Triticum 
Von 

Kosuke Yamashita 

Kaiserliche Universitat Kyoto 

(Mit 2 Tafeln) 

1. Einleitung 

Wahrend meiner Untersuchimgen iiber 29-chromosomige triso- 
mische Pflanzen in der Nachkommenschaft pentaploider Weizen- 
bastarde habe ich ein Individuum gefunden, welches in ganzen An- 
theren bzw. Antherenfachern P.M.Z. mit verdoppelter Chromosomen- 
zahl (2n = 58) aufwies. Naheres iiber diese Chromosomenchimare 
soli im folgenden mitgeteilt werden. 

2. Material und Methoden 

Die trisomische 29-chromosomige Pflanze, die sich als Chimare 
erwies, trat im Jahre 1936 in der Nachkommenschaft Nr. 17 auf, die 
sich von einem 29-chromosomigen Individuum aus der Riicki 
kreuzungsbastardsverbindung {Triticum polonicum L. var. vestitum 
Korn, x T. spelta L. v 2 iv. Duhamelianum Korn.) Fi x T. polonicum 
L. var. vestitum Korn, ableitete (vgl. Kihara und Wakakuwa, 1935 
u. Yamashita, 1937 a, b). Ihre Feldnummer war 17/41. 

Bei der Untersuchung der Meiosis wurden Dauer- und Schmier- 
praparate der P.M.Z. beiiutzt. Das Material fiir die ersteren wurde 
mit Carnoy-Flemming nach Kiharas Vorschrift fixiert und mit 
Newton’s Gentianaviolett gefarbt. ‘ Die Dicke der Paraffinschnitte 
betrug 18 li . Die Schmierpraparate wurden meistens nach Bellings 
Verfahren angefertigt. Manchmal habe ich mit gutem Erfolg die 
Anther en in Carnoy’s Fliissigkeit zerdriickt und den auseinander- 
geschmierten Inhalt mit Eisenessigkarmin behandelt (vgl. Yama- 
shita, 1937c). 

Fiir die Abbildungen und Mikrophotos wurden meist Schmier- 
praparate verwendet. 

3. Meiosis 

Die diplo- und tetraploiden P.M.Z. traten bei 17/41 stets getrennt 


1) Contributions from the Laboratory of Genetics, Biological Institute, 
Kyoto Imperial University, No. 83. 
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Vbb. 1-8. 1. 28-chromosoinJge Pflanze. 1. Metaphase in Polansicbt; 14n . Vergr. 
!a. 1080-fach. 2. Trisomische 29-chromosoinige Pflanze. 1. Metaphase in Seiten- 

insicht; 14n+li. Vergr. ca. 1080-fach. 3-7. 17/41. I. Metaphase in P.M.Z. mit 

loppelter Chromosomenzahl (58). Vergr. ca. 1080-fach. .3. Polansicht ; 6iv + 17ii 

Tetravalente weifi, Gemini sehwarz). Vgl. Mikrophoto Taf. 41, 7. 4. Seitenansicht ; 
Arahrscheinlich28ii+2i. Vgl. Mikrophoto Taf. 41, 6. 5. Seitenansicht; 9jv4-einige 
3emini +.li. Vgl. Mikrophoto Taf. 42, 12. 6. Die Quadriyalenten der Abb. 6, 7. 
Polansicht ; 7iv+15n • Vgl. Mikrophoto Taf. 42, 11. 8. 17/41. I. Anaphase in einer 
?.M.Z. mit doppelter Chromosomenzahl. Die beiden Tochtergruppen enthalten je 
29 Chromosomen. Vgl. Mikrophoto Taf. 41, 6 und 42, 13 a, b. Vergr. ca. 1080-fach. 
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auf, in verschiedenen Ahrchen, Bliitchen, Antheren oder Antheren- 
fachern (Mikrophoto Taf. 41, 4) . P.M.Z. mit beiderlei Chromosomen- 
zahlen habe ich nie in ein und demselben Antherenfach zusammen ge- 
funden. Die Antheren bzw. Antherenfacher mit tetraploiden P.M.Z. 
waren auf den ersten Blick durch die GroOe dieser Zellen, die bedeii- 
tend grower waren als die diploiden, erkennbar. 

Die Meiosis verlief in den diploiden P.M.Z. wie erwartet, d.h. 
es traten in der 1. Metaphase 14ii + li auf, ebenso wie bei den 29- 
chromosomigen Geschwisterpflanzen (Abb. 2), deren Meiosis sich 
von derjenigen der 28-chromosomigen (Abb. 1) nur durch das Vor- 
kommen eines Univalenten unterschied. 

Die Meiosis in den P.M.Z. mit doppelter Chromosomenzahl war 
vor allem durch das Vorkommen von tetravalenten Chromosomen- 
verbanden charakterisiert, deren Anzahl recht variabel war. In Abb. 
3 ist eine P.M.Z; mit der Chromosomenkombination 6iv + 17n= 58 
zu sehen(vgL Taf. 41, 7) ; Abb, 7 zeigt die Kombination 7iv + 15n = 58 
(vgh Taf. 42, 11). Abb. 5 bringt eine P.M.Z. mit 9iv, die in Abb. 6 
noch einmal wiedergegeben sind (vgl. Taf. 42, 12) , Die P.M.Z. der 
Abb. 4 stellt einen der seltenen Falle ohne Quadrivalente dar; sie 
enthalt aiifier 2 Univalenten (punktiert) nur Bivalents (28n + 2i) 
(vgl. Taf. 41, 6). 

Die Anaphase macht in der Regel einen durchaus regelmafiigen 
Eindruck, wie aus Abb. 8 (vgl. Taf. 41, 6; Taf. 42, 13 a, b) zu ersehen 
ist. Jede der beiden Tochtergruppen enthMt 29 Chromosomen, die 
sich mit Leichtigkeit zahlen lassen. Hier und da flndet man in 
diesem Stadium in der Aquatorialebene verzogerte Univalente oder 
Fragments (Abb. 9 bzw. 10; vgl. Taf. 41, 7). 



Abb. 9-11. 9-10. 17/41. Telophase in P.M.Z. mit doppelter Chromosomenzahl. Vergr. 
ca. 800-fach. 9. Elin verzSgertes Univalentes. Vgl. Mikrophoto Taf. 41, 7, 10, 

Ein Fragment in der Aqnatorialebeno. Vgl. Mikrophoto Taf. 41, 7. 11. 17/41. II. 

Metaphase. in Seitenansicht, ,Sehr regeJmaBige Kernplatte. Vergr. ca. 800-fach. 
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4. Kerneinwandemng bei 17/41 

Regelmassige echte Kerneinwanderung (vgl. Kihara imd Lilien- 
PELD, 1934) erschien bei dieser Pflanze; sie sei bier erwahnt. 

Abb. 13 bringt eine grofie tetraploide P.M.Z. (d) in I. Metaphase ; 
sie enthalt aufier 2i (punktiert) diinne, zum Teil degenerierende Chro- 
mosomen, die hier in einem fruhereh Stadium eingewandert sind. 
In der nachsten Umgebung der grofien Zelle liegen 3 kleine Restzellen 
a, b und c (vgl. Mikrophoto Taf. 42, 8), deren jede 4ii + 8i enthalt. 



Abb. 12-14. 17/41. P.M.Z. mit Kerneinwanderung. Vergr. ca. lOSO-facb. 12. Eine 
Restzelle mit 4n ; auBerdem 2 Kerne in Ruhe. Vgl. Mikrophoto Taf. 42, 10. 13. a, b 
und c. Drei Restzellen mit je 4ii+8i. Daneben P.M.Z,, d, die auBer einer verdop- 
pelten Chromosomengarnitur eingewanderte Elemente enthalt. Vgl. Mikrophoto 
Taf. 42, 8. 14. Drei nebeneinaderliegende P.M.Z., a, 8nH-8i. b, 8n+7i+3Fr- c. 

(14n+li)H-(2ii+6i), die 2ii und 6i sind eingeWandert. Vgl. Mikrophoto Taf. ,42,, 9, 
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Ahnliches bietet Abb. 14 (vgl. Taf. 42, 9) ; die Chromosomen- 
garnituren der Zellen a, h und c sind : 

a 8ii + 8i 

6 , . . . 8n + 7i + 3 Fr.i> 

G . . . .16n + 7i= (14n+li) + (2n+6i) 

Es ist bemerkenswert, dab die kleinen Restzellen in jedem Pal] 
dieselbe Chromasomenzusammensetzimg aufwiesen und dab sie keine 
Degenerationserscheinungen aufwiesen. Die Gesamtzahl der Chro- 
mosomen der Restzellen war 48 ; sie diirfte es sein, die die eingewan- 
derten Elemente (10 Chrombsomen) geliefert haben. 

In Abb. 12 sind nur 4 sich normal darstellende Bivalente zii 
sehen und, aubardem, 2 Kerne im Ruhezustand (vgl. Taf. 42, 10) , 


5i Morphoiogie und Fertilitat von 17/41 

"Wie Abb., 15 zeigt, bestand keine nierkbarer Grobenunterschied 
zwischen 17/41 und den diploiden Schwesterpflanze. 

Auch die Stomata auf der Blatt- 
unterseite waren gleich grob (Taf. 41, 
1, 2 und 3) . 

Ebensowenig konnte ein Unter- 
schied in der Ahrenlange oder Ahren- 
dichtheit festgestellt werden. Betreffs 
der Ahrengestalt traten in der Nach- 
kommenschaft Nr. 17 drei Typen auf, 
die in Abb. 16 als I, II und III 
bezeichnet sind.-^ Die Ahren von 
17/41 gehorten zum heterozygotischen 
Typus II und waren von den Abren 
anderer 29-chromosomiger Geschwis- 
ter des gleichen Typus nicht zu unter- 
scheiden. 

Ein deutlicher Unterschied tritt 
nur in der Grobe der P.M.Z. und der 
Pollenkorner zutage, wie aus Mikro- 
photo Taf. 41, 4 ohne weiteres zu 

ersehen ist. 

Abb. 15. Links 17/41, rechtseine 28- Bsi der Bestaubung der 28-chro- 

chromosomige Sehwesterpflanze, jnosomi£ren Pflanze mit Pollen von 

Aufgenommen am 10. Juni, 1986. mosomigen rnanze mil ronen von 

1/12 Nat. Gr. 17/41 babe icb 100-prozentigen Ansatz 



1) Fr. — Fragment.. 

2) Es wurde in Nr. 17 eine einfacle Spaltung Ibetreft's der Ahrengestalt 
ffestgestellt. 
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erzielt. Allerdings 
kann ich nicht 
sagen, welchen An- 
teil die doppelchro- 
mosomigen Riesen- 
pollen in der von 
mir zu diesem 
Versuch benutzten 
Pollenprobe bat- 
ten. 

Auch auf der 
weiblichen Seite 
war die Fertilitat 
sehr gut. Tab. 1 
bringt die Fertili- 
tatszahlen fiir je 2 
28- und 29-chro- 
mosomigen Pflan- 
zen der Nr. 17 
und fur 17/41. 

Ob und inwiefern 
auch in den Em- 
bryosacken Chro- 
mosoraenverdoppelung stattgefunden hat kann ich vorlaung noch 
nicht sagen. 




Abb. 16. Xhrentypen aus Nr. 17. I und III homo-, II 
heterozygotiseh. a, cund/, iihren28-chromosomiger Pflan- 
zen. h, d und g, Ahren 29-chromosomiger Pflanzen. 
e, Ahre von 17/41. 


Tab. 1. Kbrneransatz 


Pflanzen-Nr, 

Chromosomenzahl 

Kbrneransatz 
in % 

17/ 6 

28 

79.54 

/40 

28 

95.83 

/24 . 

. 29 

■95.65 

/17 

29 

76.00 

/41 

Chimare von 29 
und 58 

(86.00 

191.66 


6. Ergebnisse und 
SchluBbetrachtung 

Die , Meiosis in den 
tetraploiden P.M.Z. von 
17/41 war vor allem 
durch, das Auftreten von 
Quadrivalenten charak- 
terisiert. ’ Durch diesen 
Refund ist sichergestellt, dafi die betreifenden P.M.Z. eine verdoppelte 
Chromosomengarnitur besassen. 

Die Chromosomenzahlen konnten nur in den ■ P.M.Z. bestimmt 
warden. Angesichts dessen, dab die Pflanze trotz ihrer Chimaren- 
natur sich durchaus einheitlich darstellte und die gleichen Groben- 
verhMtnisse aufwies wie die 29-chromosoniigen Schwesterpflanzen, 
ist es sehr wahrscheinlich, dab die Chromosomenverdoppelung erst 
im Archespor, vor der Differenzierung der P.M.Z. stattgefunden hat. 

Es liegen in der Literatur zahlreiche Angaben iiber Verdoppelung 
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der Chromosomen vor. Die Meinung betreffs des Stadiums, auf wel- 
chem dieser ProzeO vor sich geht, sind geteilt. Z.B. Winge (1917, 
1932) legt das Hauptgewicht auf Verdoppelung im somatischen Ge- 
webe, ohne einen Beweis dafiir zu erbringen, wahrend Rosenberg 
(1926/27) auf Grund seiner Befunde vor allem in der Regression 
der Gonotokonten den Weg zur Erhaltung polyploider Chromosomen- 
zahlen erblickt. Kihara und Katayama (1931) sind auf Grund ihrer 
Untersuehungen an Aegilotricum zu der Uberzeugung gekommen, 
da6 die von ihnen hergestellte Pflanze durch Regression entstanden 
ist. Sie ziehen aber auch die Moglichkeit der Entstehung durch 
Chromosomenverdoppelung im somatischen Gewebe des Embryos in 
iBetracht. Es kann keinem Zweifel unterliegen dafi vielfache Chro- 
mosomenzahlen auf beiden Wegen entstehen konnen (vgl. Newton 
und Pellew, 1929). Es ist nur viel schwerer, oft sogar unmdglich, 
den Prozefi im somatischen Gewebe zu erfassen. 

Die von mir untersuchte Pflanze 17/41 stellt den ersten Pall dar, 
in dem der Inhalt ganzer Antheren bzw. Antherenfacher wahrschein- 
lich auf einem friihen Stadium der Archesporentwicklung tetraploid 
geworden ist. 

Die vorliegende Untersuchung wurde unter Leitung von Herrn 
Prof. Dr. H. Kihara ausgefiihrt, dem ich an dieser Stelle meinen 
herzlichsten Dank ausspreche. 
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T af elerklarung 

Die kleinen kursiven ZifPern auf Fig. 6-13. entsprechen den Nummern der Text- 
abbildungen. 

Tafel 41 

1-3. Stomata der Blattunterseiten in Versuchsnr. 17. Vergr. ca. 90-fach. (Mikro- 
photographien von Dauerpraparaten nach SuzUKis Universal Mikroprinting 
Method, S.U.M.P.). 

1. 28-chromosomige Pflanze. 2, 29-chromosomige Pflanze. 3. 17/41, 

4. 17/41. I. Metaphase in einer Anthere mit einem normalen nnd einem verdop- 
pelten Antherenfach. Links normal (14n -j-li), reehts verdoppelt (Danerprapa- 
rat). Vergr. ca. 210-fach. 

5. I. Metaphase bei einem 29-chromosomigen Individuum. Vergr. ca. 470-fach. 

6i-7. 17/41. Ans Antherenfachern mit doppelter Chromosomenzahl. Vergr. ca. 

470-fach. (Vgl. Textabbildungen 3, 4, 8, 9 nnd 10). 

Tafel 42 

8-10, 17/41. Kerneinwanderung. Naheres im Text. Vergr, yon 8 nnd 9 ca, 470^ 
faeh. von 10 ca. 1020-fach. (Vgl, Textabbildungen 12, 13 nnd 14). 

11. 17/41. I. Metaphase in Polansicht in einer P. M. Z. mit doppelter Chromoso- 
menzahl. Vergr. ca. 1020-fach. (Vgl. Textabbildung 7). 

12. 17/41. I. Metaphase in Seitenansicht in einer P. M. Z, mit doppelter Chromo- 
somenzahl. Vergr. ca. 1020-fach, (Vgl. Textabbildung 6). 

13 a nnd b. Anaphase in zwei verschiedenen Abbildungsebenen photographiert. In 
beiden zusammen konnen 68 Chromosomen gezahlt werden. Vergr. ca. 1020- 
fach. (Vgl. Textabbildung 8 und Tafel 41, 6). 
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Geographical Distribution of Chromosomal Prime Types 
in Datum stramonium * 

By 

Albert F. Biakeslee, A- Dorothy Bergner and Amos G. Avery 

Department of Genetics, Carnegie Institution of Washington, 

Gold Spring Harbor, N. Y. 

The geographical distribution of plants and animals has received 
considerable attention in the study of evolution of species. Since 
we believe the problem of evolution of species can best be stated in 
terms of the evolution of their chromosomes, we have for some years 
been making a study of the chromosomal changes which have taken 
place in nature within the genus Datura. The present paper has to 
do with Prime Types (PT’s) , or races with modified chromosomes in 
terms of a standard race, within the single species D. stramonium. 

At the present time we have in our collection over 90 prime types 
of various kinds which have been obtained from radiation and heat 
treatments, from aged seeds and pollen grains and from races in 
nature. Prime types have been discussed in an earlier publication 
(1). Only those obtained from nature need concern us here. That 
chromosomal races existed in Datura was early recognized from 
breeding behavior (2). By this means we were able to classify 198 
of our strains into 73 “A” races which gave normal inheritance of 
the purple-white factors and 125 “B” races which gave abnormal in- 
heritance of these factors. Belling (3) showed that the peculiarities 
of the so-called “B” race (now called prime type 2) could be explained 
by his hypothesis of segmental interchange. Since that time we 
have been accumulating evidence regarding the occurrence in nature 
of prime types in D. stramonium and other species of this genus. 

In 1929, a preliminary report (4) was made regarding the 
“cryptic” chromosomal types of D. stramonium which up to that time 
had been found in nature. These prime types, as we now term them, 
were called cryptic because there was nothing in their appearance 
which could be used to distinguish their chromosomal constitution 
from that of our standard Line 1. They may show recognizable 
differences, however, due to genes. In the paper cited we were unable 
to distinguish all the PT’s we now know and had determined the end 
arrangements of the modified chromosomes in only PT 2. At that 

* “Awarded the A, Cressy Morrison prize for 1936 by the New York Academy 
of Sciences.” 
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time also there was no knowledge available regarding the end arrange- 
ments of modified chromosomes in species of the genus Datum other 
than D. stramonium. Consequently, no relationship could be sug- 
gested between the PT’s in different species. The numbers of races 
in our earlier paper were not sufficient to justify the plotting of 
their geographical distribution. Further tests enable us now to 
report on the chromosomal constitution of 583 races and to say some- 
thing regarding their distribution in the six continents, as well as to 
suggest relationships between prime types and evolution in the genus 
Datura. 

The method employed in testing races for prime types in D. 
stramonium was essentially the same as that used for races in other 
Datura species. An assemblage of races was secured from as widely 
different parts of the world as possible through our own collections, 
and through the kindness of correspondents who cooperated in obtain- 
ing seeds for our tests.’-^ Each collection of seeds from a given 
locality which generally came from a single plant was assigned 
an S.L (seed introduction) number. In our own collections it was 
possible to know with some precision how many plants and how many 
loci were represented from a given region. Our custom was to sample 
a patch of plants by gathering seeds from two or three individuals 
in the group, each receiving a separate S.I. number and becoming the 
starting point of a new race. Each patch may be considered a 

1) The investigation is indebted for seeds of D. stramonium to members 
of the Patera group and to the following: — A. H. G. Alston, G. E. Anastasia, 
W. A. Archer, A. Aslander, B. T. Avery, C. A. Backer, A. M. Banta, P. Baranov, 
H. D. Barker, H. H. Bartlett, E. Baur, Mathilde Bensaude, B. Bois, R. Bolton, 

D. N. Borodin, S. Boshnakian, T. Brinkley, N. L. Britton, L. A. Brown, S. C. 
Bruner, S. Calderon, Rosalie Caples, W. M. Came, J. de Carvalho e Vasconcellos, 

E. Cheel, A. Chevalier, R. Chodat, H. H. Chung, J. L. Collins, C., Conzatti, H. 
P. Crampton, J. N. Couch, C. B. Davenport, Gertrude C.. Davenport, G. A. 
de Mol, P. H. Dorsett, R. A. Emerson, Y. Emoto, N. Esposta, J. M. Fogg Jr., 
P. Font-Quer, L. Fourton, K. Fujii, Lulu Gaiser, R. R. Gates, Edith Grosvenor, 
Y. Goessens, G. K. Gunjko, J. W. Harshberger, L. J. Heatly, A. H. Henckel, C. 
M. Holmes, P. J. Hopkins, S. Horowitz, P. G. Howes, J; B. Hurry, M. A. Jabbar, 

L. I. Kazakevicz, D. A. Keck, Anna M. Kornhauser, H. H. Laughlin, I. F. Lewis, 
D. H. Linder, P. E. Lloyd, A. Lutz, R. Maire, E. Manoilov, O. Mattirolo, J. R. 
A. McMillan, M. A. Meunissier, N. W. Monteverde, Daisie Morrison, J. Nonidez, 
J. F. Normand, A. Noronka, I. V. Novopokrovsky, R. T. Palhinha, G_. Pallacci, ■ 
R. N. Parker, Emily Perkins, Orra P. Phelps, E. P. Phillips, A, A. Pristupa, W. 
Razdorskij, B. E. Read, G. M. Reed, P. H. Rolfs, K. Ryerson, J. G. Salas, R. 
Salgues, A. Sangiovanni, Virginia Schoonmacher, A. Serck, S. Shantz, P. 
Shevchenko, D, K. Larinov, R. Stewart, N. Stshibrya, A..H. Sturtevant, Z. Szabo, 

F. Thone, N. P. Vercholanzova, C. T. White, 0. E. White, Anna R. Whiting, C. 

M. Woodworth, Elaine Young, J. L. de Zuazo, A. de Zulueta. 

Botanic Garden of Tiflis, Gebruder Dippe, Institute of Applied Botany, 
Leningrad, U. S. Department of Agriculture. 

Without the cooperation of these just mentioned it would not have been 
possible to obtain records from such widely distributed regions of the world. 
We should appreciate receiving samples of a few seeds from individual plants 
of D. stramonium from regions not represented in our tables as well as seeds 
of other species of Datura which we hope to study in a similar manner. 
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separate locus. Sometimes the races from a single patch differed 
chromosomally. In such cases the patch might be listed as the locus 
for several different prime types or prime type associations. When 
collections were sent to us it was not always certain whether the seeds 
in a packet came from one or from many plants, but it has been our 
practice to record each packet as a separate S.I. As a preliminary 
test of the homozygosity of the race, about a dozen plants of each 
S. L are grown. Examinations are made for pollen abortion but 
the chromosomes are not examined in this generation. It has occa- 
sionally happened that segregation of pollen abortion types has been 
discovered in this first test generation. Probably segregation of PT’s 
which are unaccompanied by pollen abortion might similarly have 
been discovered if it had been feasible to make the necessary cyto- 
logical examinations. A more profitable procedure was found to be 
an examination of the chromosomes in hybrids between a selected 
plant of the given S. I. race and our standard Line 1 (PT 1).^) If 
the given plant happened to be heterozygous for a PT it would be 
an even chance which component appeared in the Pi hybrid examined, 
hence the accidental choice of a heterozygous plant as the representa- 
tive of the race to be tested would in no way affect the random 
character of the sample. If in the hybrid only twelve bivalents are 
observed in the first meiotic division in pollen mother cells, the S. I. 
in question is listed as the same PT as the tester, viz, PT 1. If, 
however, a characteristic configuration of four or more attached 
chromosomes is found, the S. I. is listed as belonging to one of the 
other PT’S. Familiarity with the sizes and arrangements of the 
chromosomes in the configurations and further tests with certain 
other of our prime types (1) have made possible an accurate classifica- 
tion of the types which differ from PT 1. 

Prime type 1. Throughout this investigation one race has been 
used as a standard in terms of which the chromosomes of D. 
strchmonium and other species have been interpreted. Our Line 1 
is a highly inbred race which came originally from Washington, D. 
C., and has been listed as PT 1. The twelve chromosomes of PT 1 
may be arranged in Table 1 according to their relative sizes beginning 
with the largest (L) as 1-2. Thus far terminal humps have been 
located on eight of these twelve PT 1 chromosomes. They serve 
as convenient markers to identify chromosomes and particular ends 

1) In the task of determining the chromosomal condition in Fi, hybrids, 
during a number of summers, we have been aided by the following:' — Helen 
Besley, Louise Buck, Margaret B. Chambers, Priscilla Chinn, Caroline A. Denton, 
0. J. Eigsti, Rachel Haynes> I, Hein, Ruth E, Henderson, Dorothy C. Hewitt, 
Lucy B. Hodges, Alfhild E. Johanson, R. H. MacKnight, Lois I. Platt, J. S. 
Potter, Sophia Satina, Jennie L. S. Simpson, H. E. Warmke. 
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m~ 17-18 
m- 19-2020' 
8 - 2121-22 
s- 23-242^ 


of chromosomes. They are probably the equivalents of satellites or 

knobs which G. A. Lewitsky (5) 

demonstrated on several chromo- ^ 

somes in a study of root-tip cells : 

of Datura. They are represented ^ _ g.g m-is-14 8-2^21-22 

by superscripts at the appropriate m- t-s® m- 1646 i& s- 23-242^ 

ends of the chromosomes. 

Prime type 2. The ‘‘B” type which had been distinguished by 
breeding behavior is now called prime type 2. Instead of the chromo- 
somes 1-2 and 17T8 of PT 1, it has the modified chromosomes 1T8 
and 2T7. The hybrid between PT2 and PT 1 shows ten bivalents 
plus a circle of four chromosomes in the following order:— 2T7- 
17-18-18T-1-2— . 

When the hypothesis of segmental interchange was first proposed, 
it seemed to necessitate the abortion of half of the gametophytes. 
Hybrids between PT 1 and stramonium races of PT 2 have good 
pollen. The configuration rarely occurs as a flat circle on the spindle 
of the first meiotic division. Since alternate chromosomes have be- 
come attached to fibers leading to the same pole, adjacent ones to 
fibers leading to opposite poles, one finds a twisted circle of four 
chromosomes horizontally placed across the equatorial region. This 
zigzag arrangement is more striking in circles of six or more chromo- 
somes, but is clearly seen in smaller circles. This orderly separation 
of adjacent chromosomes to opposite poles results in the formation 
of viable gametophytes. Intrase stramonium hybrids rarely show 
this circle broken. 

The question was raised (4) whether all of the PT 2 races were 
really the same. By our methods only the ends of chromosomes are 
identified ; ordinarily we cannot locate the region in the chromosome 
at which the interchange took place. In 1930 an examination was 
made of crosses between the first PT 2 race, which came from a 
commercial firm in Erfurt, Germany, and fourteen other PT 2 races 
selected from various parts of the world. One each was selected from 
North Carolina (U.S.A.) ; Chile (a purple race) ; Australia; Madeira 
Islands, French Somaliland, Pretoria and Johannesburg in South 
Africa; Kashmir, India; Tashkent, Asia; Portugal; Hungary; two 
from Italy and one from a Botanical Garden in Brazil. In all these 
fourteen hybrids the 1T8 and 2T7 chromosomes formed equal biva- 
lents, and these PT 2 races therefore may be considered identical. 

Prime type S. Instead of the chromosomes 11T2 and 21-22 of 
PT 1, prime type 3 has the modified chromosomes 11-21 and 12-22. 
The hybrid with PT 1 shows ten bivalents plus a circle of four chromo- 
somes in the following order : — ^22-21-21*11-11-12-12-22 — . The 
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circle formation is found only rarely. Failure of attachment at the 
two -22 ends produces a chain of four; failure of attachment also at 
the -11 ends produces two open unequal pairs, 11-21-21-22 and 
11-12-12-22. Since the members of each pair separate independently 
of the other, chromosomes which would be adjacent in a circle forma- 
tion may go to the same pole, resulting in deficiencies and hence in 
inviable gametophytes. This chromosomal behavior probably explains 
in part why these hybrids show a variable amount of aborted pollen. 
That the environment has some effect on the amount of abortion is 
indicated by the fact that when the plants are grown in the field they 
regularly show about 25 per cent of aborted grains whereas this 
amount varies in greenhouse plants. 

Prime type U. Instead of the chromosomes 3-4 and 21*22 of PT 1, 
prime type 4 has the modified chromosomes 3*21 and 4*22. The hybrid 
with PT 1 shows ten bivalents plus a circle of four chromosomes in 
the following order: — 22*21-21*3-3*4-4*22 — Failure of attachment 
at the *22 ends produces a chain of four. Unlike the condition found 
in the PT 3 hybrids, the configuration in this PT 4 hybrid seldom is 
resolved into open pairs with resultant deficiencies and bad pollen. 
Prime type 4 hybrids, therefore, have good pollen. 

Prime type 7. The modified chromosomes in prime type 7 have 
been formed by the interchange of humps rather than of larger seg- 
ments of the chromosomes. Thus instead of the 9*10’° and 19-20-° 
chromosomes of PT 1, those of PT 7 are 9*102° and 19*20^° in which 
the superscripts represent the humps. The hybrid with PT 1 shows 
ten bivalents plus a “necktie’’. The latter consists of two bivalents 
which are connected at the hump region only and is represented as 
follows : 

9 . 1010 - 1020.19 

9 . 1020 - 2020.19 

The hybrid with PT 1 shows 50 per cent of pollen abortion. This 
is true also for other PT’s which show a “necktie” configuration in 
hybrids. Since the members of each bivalent may become oriented on 
the spindle independently of the arrangement in the other bivalent 
comprising the “necktie”, inviable combinations are to be expected 
in half of the cases, as explained in a previous paper (1). 

In races which were tested several years ago, PT 7 was identified 
mostly by means of pollen tests. The routine then was as follows: 
each new race was crossed to both PT 1 and PT 7. If the hybrid 
with PT 1 showed 50 percent of aborted pollen grains and the hybrid 
with PT7 showed good pollen, the race was classified as belonging 
to the PT 7 group. The “necktie” configuration of four chromosomes 
is frequently missing and is easily overlooked. This was particularly 
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true in the earlier examinations. In the more recent tests, PT 7 has 
been identified both by the pollen and by cytology. 

Prime type 87. In addition to the prime types discussed in earlier 
paragraphs, the following two have been found each from only a 
single locality. Prime type 87 was obtained from Oaxaca, Mexico, 
from a plant which was also PT 2. It has the chromosomes 3-12, 
4-22 and 11*21 instead of the 3-4, 11*12 and 21*22 chromosomes of 
PT 1, and in consequence the hybrid with the latter shows a circle 
of six in the following order: — 22-4-4-3-3-12-12-11-11-21-21-22 — 
The chromosomes in this circle may be only partially arranged in zig- 
zag fashion on the spindle; or, because of weak attachments at the 
•11 and *22 ends, these six chromosomes may be arranged as a chain 
of six or a chain of four plus an open unequal pair. Consequently 
chromosomes which would lie adjacent to one another in a circle 
formation may go to the same pole and hence result in deficiencies 
and inviable gametophytes. The hybrid with PT 1 shows abortion 
of upwards of half of the pollen grains. Because it has the 11*21 
chromosome in common with PT 3 and the 4*22 chromosome in com- 
mon with PT4, PT 87 may be the result of segmental interchange 
between the 12*22 chromosome of FT 3 and the 3*21 chromosome of 
PT 4, although as yet we have not found any PT 4 races in Central 
America to hybridize with the PT 3 races there. 

Prime type 88, A second isolated prime type is PT 88 which 
was obtained from Entrerios, Argentina. It has the modified chromo- 
somes 15*23 and 16*24 instead of the 15*16 and 23*24 chromosomes 
of PT 1. The hybrid with PT 1 shows a circle of four chromosomes 
as follows:— 15*16-16*24-24*23-23-15 — -. Like PT 2, the hybrid with 
PT 1 shows a circle that rarely is broken. Practically no pollen is 
aborted. 

Among the prime types secured from radiation treatment, a 
considerable number were produced by simple translocations in which 
there was a free fragment and a translocated portion of the chromo- 
f some. The hybrid of such prime types with PT 1 shows an open 
chain, never a closed circle. All the prime types so far found in 
nature were the products of segmental interchange. Except for 
PT 87 which was found only once, these interchanges involve only 
two non-homologous chromosomes.^ L 

1) In Table 1 of our earlier paper (4) two configurations of six were 
recorded in the hybrid with PT 1. One race was from Concepcion, Chile, and 
the other from Kashmir, India. In both cases the records show the occurrence 
of configurations of six in some pollen mother cells and configurations of four 
in other cells on the same slide. We are not prepared to offer an explanation 
of these discrepancies in dur early records. The two S. I. races were retested 
and found to react only as normal PT 2. 
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It might be considered surprising that so few prime types have 
been obtained from a rather wide sampling in view of their frequency 
after treatments. There are only five which have been found more 
than once. Interchanges must have occurred several times in our 
cultures from untreated parents. Thus the tertiary 2n + 4-6 has 
appeared spontaneously twice, the 2n -f 1ST8 also twice and the 
2n + 2-9 once. In these five instances the tertiary chromosomes are 
evidently formed by segmental interchange from normal FT 1 chromo- 
somes. However, attempts in these eases to obtain the complementary 
tertiary chromosomes in homo- or heterozygous prime types have 
been unsuccessful. In addition, tests were made to see if, in carrying 
on our various 2n + 1 types through selfing for several years, seg- 
mental interchanges had not occurred in the sublines which had thus 
been established. Back-crosses to FT 1 in all of 24 cases showed only 
12 bivalents and indicated that these 24 inbred strains w'ere free from 
prime types induced by segmental interchange. 'We have no proof 
therefore that FT^s have established themselves in our cultures except 
through previous treatment. 

In Table 2 are listed 583 races with their geographical origin 
and the prime types which they represent. They are also separated 
into those with purple (F) flowers and those with white (W) flowers. 
A summary is given in Table 3. It will be noted that the sum of 
the number of races under, the FT’s is considerably more than the 
number of races in the second column. This is due in part to the fact 
that a single race may show more than one independent configuration 
in the hybrid with FT 1 and thus be credited to more than a single 
FT in the columns to the right. It is due also in part to the fact that 
some of the races are listed as both F and W. In Table 4 are listed 
those loci in which more than a single FT was found either in different 
individuals or associated in the same plant. In 14 loci more than a 
single FT was found in different individuals in the same locus. In 
121 races associations of two PT’s in the same plant were observed. 
All the races of FT 3 in nature are also FT 2, but we have isolated 
a pure race of FT 3 in our cultures. The maximum number of FT’s 
associated in a single plant is three and such a condition has been 
observed twice. 

Datura stramonium is widely distributed throughout the world 
in the semitropics and in the warmer portions of temperate regions. 
The location of 583 races is shown in Table 2 and on maps in figs. 1-6. 
In the table, races have been grouped first according to the geogra- 
phical unit to which they belong and secondly under this, to the 
political subdivisions of this unit. Almost two-fifths of the collection 
came from the United States; so large a number has not been obtained 
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Table 2, Distribution of chromosomal prime types among 683 races of 
Datura stramonium,. P— purple flower color ; W— white 


Races 

No.__ 

Loci p "W 


Origin 


166 *216 171 

9 21 21 

6 10 10 

12 15 6 

2 4 2 

11 13 12 

7 9 9 

16 23 16 

48 65 65 

14 17 16 

1 2 1 


0 Canada 

46 United States 
0 Massachusetts 

0 Connecticut 
9 New York 

2 New Jersey 

1 Pennsylvania 

0 Delaware 
7 Maryland 

10 Virginia _ : 

1 North Carolina 

1 District Columbia 
0 West Virginia 
0 Alabama 


1 

1 

0 Florida 

1 

1 

0 Tennessee 

3 

2 

1 Kentucky 

7 

6 

1 Indiana 

2 

2 

0 Illinois 

*6 

6 

2 Missouri 

2 

0 

2 Arkansas 

3 

1 

2 Kansas 

2 

0 

2 Michigan i 

1 

1 

0 Texas 

1 

1 

0 New Mexico 

3 

1 

2 California 

16 

6 

10 West Indies 

1 

1 

0 Puerto Rico 

4 

0 

4 Virgin Islands 

8 

6 

3 Barbados 

1 

0 

1 Montserrat 

1 

0 

1 Haiti 

1 

0 

1 Cuba 

10 

8 

2 Central Amer 

6 

3 

2 Mexico 

4 

4 

0 San Salvador 

1 

1 

0 Guatemala 

81 

66 

26 South America 

4 

4 

0 Colombia 

1 

1 

0 Venezuela 

16 

0 

15 Brazil 

1 

0 

1 Argentina 

32 

32 

0 Peru (purple) 

9 

0 

9 Chile (white) 

19 

19 

Q „ XPurple) 


82 *140 9 132 Europe 

1 1 10 England 

1 3 0 3 Germany 

2 6 0 6 Switzerland 

4 6 16 Prance 

18 25 4 21 Spain 

8 *8 3 6 Portugal 

22 36 0 36 Italy 

10 37 0 37 Hungary 

16 19 0 19 Russia 

23 ■ 33 5 28 Asia 

6 7 6 2 Japan and Kotea 


PT 1 PT2 PT 3 PT 4 PT 7 
Total P W Total P W P P W P W 


T62 134 29 24 16 8 

15 16 0 2 2 0 

10 10 0 


32 27 6 15 10 6 
6 5 0 


14 

6 

81 

11 

11 


7 

7 

ol 

19 

16 

4\ 

36 

32 

4 

11 

11 

0 

2 

1 

1 

3 

3 

0 

2 

2 

0 

1 

1 

0 

1 

1 

0 

3 

2 

1 

7 

6 

1 

2 

2 

0 

*6 

6 

2i 

2 

0 

2 

3 

1 

2 

2 

0 

2 

1 

1 

0 

1 

1 

0 

3 

1 

2 

6 

1 

6 

1 

1 

0 

4 

0 

4 

1 

0 

1 

16 

! 

0 16 

16 

0 16 


4 4 0 5 4 1 


440440 


10 8 2 3 

5 3 2 2 

4 4 0 

1 1 0 1 

65 66 9 61 

4 4 0 

110 


32 32 0 32 I 

9 0 9 ' 

19 19 0 19 

8 2 6125 3 122 1 *23 4 20 8 2 6 

11 0 
3 0 3 

6 0 5 

4 1 3 2 0 2 1 0 1 

21 2 19 1 14 2 12 7 2 6 


2 113 0 3 

1 0 1 35 0 35 

37 0 37 

1 0 1 18 0 18 

7 6 2 26 0 26 

7 6 2 


*5 2 4 
3 0 3 1 0 


■ 
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Table 2 {Continued) 


No. 

Loci 

Races 

Origin 

Tot 

PT 1 


PT 2 

PT 3 

PT 4 

PT 7 

y| 

Other 

PT’s 

Total P 

W 

:al P W 

Total PW 

: P 

To- 

tal 

P 

W 

To-p , 
tal^ ' 

6 

7 

0 

7 

Java 




1 

7 

0 

7 








2 

7 

0 

7 

Siberia 




7 

0 

7 












and Turkestan 














6 

i 7 

0 

7 

China 




7 

0 

7 








4 

: 4 

0 

4 

India and Ceylon 




4 

0 

4 








1 

: 1 

0 

1 

Mesopotamia 




1 

0 

1 








18 

t26 

9 

19 

Africa 

3 

0 

3 

12 

1 

11 


tl2 

9 

5 

tl2 8 

6 


2 

i 2 

1 

1 

Madeira Islands 




1 

0 

1 


1 

1 

0 

1 1 

0 


4 

4 

0 

4 

Algeria 




4 

0 

4 








1 

1 

0 

1 

Lib^eria 




1 

0 

1 








8 

3 

0 

3 

Portuguese 

3 

0 

3 












1 ; 



W. Africa 

j 













2 

2 

0 

2 

Belgian Congo 




2 

0 

2 








1 

' 1 

0 

1 

French Somaliland 




1 

0 

1 








1 

1 

0 

1 

British E. Africa 




1 

0 

1 








4 

tl2 

8 

6 

South Africa 




2 

1 

1 


;tii 

8 

6 

til 7 

6 


6 

5 

2 

3 

Australia 

1 

0 

1 

2 

0 

2 

i 

2 

2 

0 

2 2 

0 


2 

4 

4 

0 

Hawaii 








1 

1 

0 

4 4 

0 






|B0TANICAL 















tsi 

23 

31 

I Gardens 

tl4 

9 

8 

29 

6 

23 


6 

6 

0 

8 8 

0 


362 

683 294 296 


217 152 

69 

1 

|298 91 207 

66 , 

80 63 30 

54 38 18 

2 


* One race hetrozygons for purple and white, 
t Two races heterozygous for purple and white. 

J Three races heterozygous for purple and white. 


Table 3. Distribution of chromosomal prime types among 683 races of 
Datura stramonium. P— purple flower color ; W— white 


No. 

Loci 

Races 

Origin 

PT 1 

PT2 

PT3 

PT4 

PT7 

Total P^ W 


Total P W 

• 

P 

TotalPW 

TotalPW 

1 

1 

1 

0 

Canada 

1 

1 

0 










156 

*216 171 

46 

United States 

*162 134 29 

24 16 

8 


32 27 6 

16 10 

6 

11 

16 

6 

10 

West Indies 

6 

1 

6 

5 

1 

4 


4 

4 0 

6 

4 

1 





Central 













7 

10 

8 

2 

America 




10 

8 

2 

3 










South 













68 

81 

66 

25 

America 

15 

0 16 

61 56 

9 

51 






82 

*140 

9 

132 

Europe 

8 

2 

6 

125 

3 122 

1 

*23 

4 20 

8 

2 

6 

23 

, 33 

5 

28 

Asia 

7 

6 

2 

26 

0 

26 







18 

1 t26 

9 

19 

Africa 

3 

0 

3 

12 

1 

11 


tl2 

9 6 

tl2 

8 

6 

6 

1 6 

2 

8 

Australia 

1 

0 

1 

2 

0 

2 


2 

2 0 

2 

2 

0 

2 

1 ■ 4 

4 

0 

Hawaii 








1 

1 0 

4 

4 

0 





Botanical 














1 t61 

23; 

31 

Gardens 

■tl4 

9 

8 

29 

6 

23 


6 

6: 0 

8 

8 

0 

362 

683 294 296 


217 152 69 

298 91 207 

66 

80 53 30 

64 38 18 


Other 

PT’s 


1(P) 

1(W) 


2 


» One race heterozygous for purple and white, 
t Two races heterozygous for purple ane white. 

X Three races heterozygous for purple and white. 


from any other country. Races which were obtained from Botanical 
Gardens or Commercial seed houses are listed in the table under 
Botanical Gardens apart from other races because one cannot be 
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certain of their origin. : For this reason they have not been indicated 
on the maps. 

Prime; type! 1 is the predominant type in the United States; in 
fact, it is the only type that has been found west of the Atlantic coast. 
It is the only type which we have obtained from Brazil and Japan, 
It ocdurs also on some of the West Indian islands ; in several countries 
of Europe, particularly France; in Portuguese West Africa and 
Australia. . . 

If totals only are considered, the widespread distribution of PT 2 
is somewhat masked by the fact that PT 1 is the predominant type 
in the United States from which so large a proportion of our races 
have come. PT 2 is the predominant type in Central America, Peru 
and Chile, Europe, Asia and Africa. 

Prime type 3 associated with PT 2 is the only type found in 
Peru where all the plants observed had purple flowers. In Chile, 
where bothi purple-flowered and white-flowered races occur, the 
purples were PT 3 and 2 while the whites were PT 2 only. PT 3 
associated with PT 2 was also obtained in Central America and Spain. 

Prime type 4 is more widespread in its distribution. It is common 
in Virginia and North Carolina and has been found also in Maryland 
and Delaw^are in the United States; in the Barbados in the West 
Indies; in southern Europe, especially Spain and Portugal; in South 
Africa ; Australia and the Hawaiian Islands. 

Prime type 7 is a predominant type in South Africa and the 
Hawaiian Islands. It has been found along the Atlantic coast of 
the United States, in the Barbados, Spain, Italy, the Madeira Islands 
and Australia. • . ‘ ‘ 

On the majps are indicated the loci from which races were 
obtained. Compound symbols made up of two or more single symbols 
indicate the association of more than one PT in the same plant. 
Numerals adjacent to a symbol indicate the number of loci in which 
the type was obtained in the area covered by the symbol. In each of 
twelve loci, two separate symbols had to be used because in these loci 
were found Separate plants which belonged to two different PT’s or 
PT combinations as shown in Table 4. In two loci three separate 
symbols werb used because in each there were separate plants which 
belonged to ithree different PT’s or PT associations. Not indicated 
on the maps, are four loci beyond the limits of the part of the map 
of the Unitejd States shown in fig, 1 and two loci in the Hawaiian 
Islands. ^ j , i \ ■ i i . ^ '■■■"■ ■■ - ■ ■ ^ ' 

Fig. 1 bhovCs that PT I is the predominant type in the United 
States. Priihe type 4 centers in Virginia and North Carolina 'Where 
it may occur associated with PT 2 or PT 7 or with both. There is 
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Table 4. Loci in which more than one prime type is represented, 
P— purple flower color ; W— white 


Locality 

Plants with more 
than one PT 

Plants with 
one PT 

No. 

P 

W 

PT’s 

No. 

P 

W 

PT’s 

Massachusetts Tarpaulin Cove 

1 

1 


2,7 





Barnstable 





3 

3 


1 






1 

1 


2 

Pennsylvania Spring Mills 

1 


1 

2,7 





Delaware Georgetown 





1 

1 


1 






1 

1 


4 

Virginia Partlow 

1 

1 


4,7 





Toaiio 

5 

6 


2,4 

1 

1 


1 






1 

1 


2 

Petersburg 

2 

2 


2,4 

2 

2 


4 

Gardiner's Cross Roads I 

1 

1 


4,7 

1 


1 

1 






1 

1 


7 

Gardiner’s Cross Roads II 





1 

1 


1 






1 


1 

2 

Gordonsville 





1 

1 


1 






1 

1 


4 

Richmond 

1 

1 


2,4 





Yorktown 

1 


1 

2,4 





North Carolina Jackson 

2 

2 


2,4 





Murfreesboro I 

1 


1 

2,4,7 





Murfreesboro II 





1 

1 


1 






1 

1 


4 

Barbados Locus I 

1 

1 


4,7 






1 

, 1 


2,7 





Locus II 

1 

I 1 


4,7 





Locus III 

1 

1 


4,7 

1 


1 

2 

Locus IV 





1 


1 

2 






1 

1 


4 

Mexico Santa Cruz 

1 

1 


2,3 





Oaxaca 

1 

1 


2,87 





Huexotla 

1 

1 


2,3 





Guatemala Guatemala 

1 

1 


2.3 





Peru (all purple) 

32 



2,3 





Chile (purple only) 

19 



2,3 





France Perpignan 

1 


1 

2,4 





Spain Barcelona I 

1 

1 


2,3 





Barcelona II 

1 


1 

2,4 





San Adrian I 

2 


2 

2,4 





San Adrian II 

3 


3 

2,4 





San Adrian III 

3 


3 

2,4 





Montseny I 

1 


1 

2,4 





Montseny II 

2 


2 

2,4 





Palos 

3 


3 

2,7 





Aragon 

1 

1 


4,7 





Madrid 

1 

1 


4,7 





Portugal Lisbon I 

1 


1 

2,4 





Lisbon II 

1 


1 

2,4 





Italy Rome I 

1 


1 

2,4,7 

3 


3 

2 

Rome II 

1 


1 

2,4' 

1 


1 

2 

Piedmont 

1 


1 

2,4 





Madeira Islands 

1 

1 


4,7 





South Africa Pretoria 

1 


1 

2,7 





Johannesburg! 

*8 

6 

4 

4,7 






1 

1 


2,4 





Johannesburg H 

*1 

1 

1 

4,7 





Bulawayo 

1 

1 


4,7 





New South Wales Gunnedal 

1 

1 


4,7 





Queensland Moreton Bay 

1 

1 


4,7 





Hawaii Mblakai 

1 

1 


4,7 





Botanical Gardens 








Madrid, Spain 

4 

4 


4,7 





Rio, Brazil 

1 

,1 


2,4. 





Havana, Cuba 

1 

1 


4,7 






* One race heterozygous for purple and white, 
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a scattering of PT 2 and of PT 7 to a lesser extent along the Atlantic 
coast in the United States. 


n 



Fig. 1. Distribution of prime types in Central and Eastern United States. In this 
and following maps, numerals adjacent to a symbol indicate the number of loci of this 
type. Because of limited space in some states along the Atlantic Coast, the symbols 
have been drawn to the right with lines indicating the loci. Prime type 1 was obtained 
also at Gulfport, Florida ; Haynes Canyon, New Mexico ; Sacramento and Palo Alto, 

California. 



Fi . 2. Distribution of prime types in Mexico, Central America and the West Indies 








■ 
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■ In contrast, South America, as indicated in fig. 3, shows separa- 
tion of types. All of the collections from Brazil belong to PT 1 type. 
In Chile all white plants were PT 2 ; all purple plants, PT 2 plus 
PT 3. In Peru only purple flowered plants were found, all being PT 2 



Fig. 3; iDistribnfcion of prime types in South America. ■' “ 
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plus PT3. In addition a new type (PT 88) was obtained from 
northern Argentina. A rather careful search for Daturas was made 
by one of us while on a collecting trip through the Argentine. Prom 
our own observations in the field, from inspection of specimens in 
the principal herbaria of the country and from reports of botanists 
whom we consulted, it is safe to say that although D. ferox is com^ 
mon, D. stramonium is not known to occur in the central and southern 
parts of this country. The collection which gave us PT 88 is the 
only record we have of the occurrence of D. stramoniu^n in the Argen- 
tine. It is possible that further collections in the same general region 
might disclose the fact that PT 88 is not a sporadic prime type but 
is representative of the races in this part of the country. 
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In fig. 4 one can see that PT 2 is the predominant type in Eu- 
rope; in fact it is the only type except in Portugal, Spain, southern 
France and western Italy and one locus in northern Russia. 

The predominance of PT 2 types also on the mainland of Asia is 
shown in fig. 5. The condition is a continuation of that in eastern 
Europe. Prime type 1 occurs in Japan and Australia. In the latter, 
PT 4 and PT 7 also have been found. 

While it is true, as shown in fig. 6, that PT 2 is widespread in 
most of Africa, in southern Africa PT’s 4 and 7 predominate and 
on the west coast PT 1 has been found. 

Discussion 

The preceding paragraphs have presented the data regarding the 
distribution of prime types in our collection of races of D. strdmonium. 
Certain facts seem to stand out rather clearly. There are areas in 
which certain types appear to occur exclusively so far as their races 
have been tested. Among these are the Peruvian area which contains 
purple-flowered PT 3 associated with PT 2, Brazil which contains a 
white-flowered PT 1, Eastern Europe and Western Asia with a white 
PT 2, and Japan with PT 1 including both purples and whites. On 
the other hand there are areas in which a mixture of types is found. 
As examples may be mentioned the Eastern states of the United 
States, the Southwestern part of Europe including Southern France, 
Spain, Portugal and Western Italy, Central America and the West 
Indies, and Australia. 

Datura stramonium is a weed and is likely to be found in dis- 
turbed soil wherever the climatic conditions are favorable. Its place 
of origin is unknown. Gray’s Manual as well as Britton and Brown’s 
Flora describe the two Linnean species, D. stramonmm and D. tatula 
as distinct species although the two are merely color forms determined 
by a pair of genes for white and purple respectively. The purple form 
is listed as naturalized from tropical America and the white form as 
naturalized from Asia. The latter statement, however, is qualified 
by a question mark. Let us see if evidence from our prime types may 
have a bearing on this problem of the origin of the purple and white 
forms in the United States. Our collection of races from this country 
is predominantly purple (171 P: 46 W) and is predominantly PT 1 
(162 PT 1; 24 PT 2; no PT 3; 32 PT 4; 15 PT 7). In South America 
the only known source of PT 1 is in Brazil, but all the plants of which 
we have records from Brazil are whites. Whites are distinctly in 
the minority in the United States. Among the races from Central 
America, purples predominate but they are all PT 2’s. PT 2 is rare 
in the Unitqd'S:tates,, ; The Weak Indies have all, the types.: which occur 
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in the United States although our collections from there show a 
relatively smaller proportion of PT I’s and the latter differ from 
those in the United States by being mostly whites. If we look out- 
side this country for a place of origin of , the predominant purple 
PT I’s which occur here, the only place which our. records suggest 
is Japan, but the data from that country so far are rather meager. 

We have made tabulations of the proportions of purples and 
whites among the different prime types as shown in Table 5. In 
states where PT 2 occurs, ■ whites have been found four times as 
frequently in PT 2 as in PT 1, a fact which suggests that if PT 2 was 
introduced into this country, it was 'brought in chiefly in the white- 
flowered- form. If we see}i for such- a source of supply, it would be 
natural to look to Europe where white PT 2’s predominate or perhaps 
to Africa whence they might have been brought in with the slave 
trade. A glance at Table 2 and the map in fig. 1 will show that in 
the United States, PT 2, PT 4 and PT 7 are confined to the eastern 
states. The western states which show only PT I’s, though relatively 
poorly sampled, have twice as many races tested as has North 
Carolina, for example, which has representatives from all the PT’s 
which occur in North America. This eastern area, therefore, may 
be considered the area where the different types were introduced or 
perhaps where they originated. From Table 5 it might appear that 

Table 5. Occurrence of purples and whites in prime types in selected states 

in United States 


6 states with PT 2 records 

4 states with PT 4 records 

6 states with PT 7 records 

Prime type 1 

PT 2 

PTl 

PT4 

PTl 

PT 7 

Total P W 

Total P W 

Total P W 

Total P W 

Total P W 

i Total P W 

92 84 8 

24 16 8 

73 66 8 

32 27 5 

87 76 12 

15 10 6 

Ratios 10.6 1 

2 1 

8 1 

6.4 1 

6.25 1 

2 1 

Expectation from 99 0 

PTl records ^ ’ 


28.6 3.6 


13 2 


both PT 4 and PT 7 are somewhat more likely to be whites than 
purples. The tendencies at best are slight and the numbers are not 
large. It is doubtful, therefore, if conclusions can be drawn safely 
from these facts which would favor PT’s 4 and 7 also being introduced 
in white plants. 

Frequently collections from a single patch of plants (locus) dis- 
closed more than a single PT or color form. Such cases are sumr 
marized in Table 4. They include cases in which a single plant had 
to be recorded as belonging to two or three PT’s. In other cases 
different PT’s were represented in separate individuals in the same 
locus. The association of PT’s together in the eastern United States 
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is summarized in Table 6. Prime type 7 occurs associated with PT 2 
about as frequently as one would expect from the proportion of PT 2 
races tested for the region in question. Prime type 4, however, 


Table 6. Occurrence of prime type 2 with PT 4 and PT 7 in United States 


4 states with PT 4 records 

6 states With PT 7 records 

Not prime type 4 

Prime type 4 

Not prime type 7 

Prime type 7 

Total NotPT2 PT2 

Total Not PT2 PT2 

Total NotPT2 PT2 

Total Not PT2 PT2 

82 74 8 

Ratios 9.26 1 

32 20 12 

1.66 1 

120 102 18 
6.6 1 

15 12 3 

4 1 

Expectation from 
non-PT 4 records 

' 29 3 

Expectation from 
non-PT 7 records 

12.7 2.3 


appears to be associated with PT 2 about four times as often as one 
would expect. The same reasoning employed in discussing the asso- 
ciation of white flower forms with PT 2 would suggest that PT 4 
came into the United States in association with PT 2. This conclu- 
sion could not be extended to all other countries since it will be 
observed from Tables 2 and 3 that PT 4 is predominantly purple in 
Africa and exclusively purple in Australia and in Botanic Gardens. 

Prime type 4 and PT 7 are seen from Table 4 to be frequently 
associated together. Out of 32 occurrences of PT 4 in the United 
States, three were associated with PT 7. In other parts of the world, 
however, they are associated with one another more frequently., Thus 
out of 80 PT 4's, 28 were associated with PT 7. . In terms of PT 7 
the frequency of association is still more striking. There are 54 
PT 7’s in our collection. Of these, 28 or more than half were found 
associated in the same plants with PT 4. These facts suggest that 
PT7 niay have originated in a PT 4 race and have been separated 
through hybridization in cases in which it occurs alone. Similarly, 
since PT 2 is widespread and PT 3 is restricted in its range but is 
always associated with PT 2, it may be concluded that PT 3 arose in 
a PT 2 race. 

We have discussed the origin and distribution of types in terms 
of PT 1 as a standard. A standard we believe is essential, but the 
choice of PT 1 was accidental, due to its predominance in this coun- 
try. We could use any standard type without implying thereby that 
this race was phylogenetically the origin of other races in this and 
other species. With our present knowledge, we should now choose 
PT 2 in all probability. Prime type 2 appears to be more widely dis- 
tributed. It also shows a closer relationship with other species 
tested. Thus the standard tester races of D. ferox, D. quercifolia, 
D. Leichhardtii and probably D. pruinosa contain the PT 2 modified 
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chromosomes 1-18 and 2-17. The tester race of D. discolor has the 
PT 2 chromosome 2-17 but the 1-18 chromosome has been modified 
by further interchange. If one were to use any single PT of D. 
stramonium as the primitive form from which to derive all other 
species of the genus, it would appear natural, therefore, to choose 
PT 2. 

Another PT which shows relationships with other, though fewer, 
species is PT 3. The PT 3 chromosomes 11-21 and 12-22 occur in 
the tester races of D. ferox and D. quercifolia, which with D. stra- 
monium make up the stramonium group. Furthermore, the tester 
race of D. discolor is a modified PT 3. If one were to choose a race 
from Peru as a standard, one would have PT 2 associated with FT 3. 
In consequence hybrids between it and the two other members of the 
stramonium group would show fewer configurations than if any other 
known race of D. stramonium were used as a standard. It is perhaps 
significant that the distribution of the two other members of the 
stramonium group overlaps that of PT3. D. quercifolia occurs in 
Central America where PT 3 and PT 2 also occur associated together, 
and D. ferox is abundant as the only Datura species common in 
central Argentina and spreads over into Chile where the purple D. 
stramonium plants are PT 3 associated with PT 2. 

One of us in 1925 discovered hybrids between purple D. stra- 
monium and D. ferox growing in great abundance in the extensive 
vineyard of the “Quinta Normal” in Santiago, Chile. We cannot be 
sure of the direction of the stream of evolution and hence dare not 
say that D. ferox and D. quercifolia were derived from the “Peruvian” 
PT 2-PT 3 type or that the “Peruvian” type of D. stramonium was 
derived from one of these other species. We can say with confidence, 
however, that their chromosomes are related. The Peruvian type 
is therefore of especial interest. All the PT 3 races from Peru and 
Chile are similar in appearance with a characteristic lobing of the 
leaves and with long spines on the capsules. The one race from Spain 
is the same in appearance and suggests a migration to or from this 
mother country. The three races in Central America resemble less 
closely the plants from Peru. 

Prime types 4 and 7 are widely scattered. They differ from PT’s 
1, 2 and 3 in that in no great area do they appear to be present to 
the exclusion of other PT’s. Their characteristic chromosomes have 
not been found in any of the other species tested. Prime types 4 and 
7 therefore may be listed as probably peculiar to D. stramonium. 
There is no evidence that they have arisen in other species. 

We have discussed the distribution of PT’s as if the interchange 
of chromosomal segments to produce each PT had occurred but once 
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Table 7. Chromosomes involved 
in prime types 


as a mutation in a single plant, and the PT race thus formed had 
been distributed to other regions. Such an interpretation is sup- 
ported by the intmse crosses between PT 2 races from widely 
separated regions already mentioned. They indicated that the modi- 
fied chromosomes in these cases were alike so far as the interchanged 
segments were concerned. The relatively few PT’s in nature would 
also suggest the extreme rarity of the segmental interchanges neces- 
sary to their formation. In our collection of PT’s induced by treat- 
ment, there are 82 which are due 
to segmental interchanges or 
simple translocation. As shown 
in Table 7, the modified chromo- 
somes in these PT’s are well 
scattered among the 12 PT 1 
chromosomes. There are several 
instances in Which the PT’s 
involve the same chromosome 
ends. In only one instance, 
however, could the two PT’s 
possibly be identical in respect 
to the place where the inter- 
change occurred. Further study 
might show that in this case 
also the two PT’s were not 
actually the same. We can be sure that duplication of segmental 
interchanges following treatment at least is extremely rare. There 
are lines of evidence on the other hand which indicate that breaks in 
chromosomes may occur repeatedly at the same place. It has already 
been shown that two of the three diiferent tertiary 2n + 1 types which 
have appeared spontaneously in our cultures have appeared again 
independently. These tertiary forms have an extra chromosome 
formed by segmental interchange, and in these two repeated types 
the evidence seems good that the interchanges took place at the same 
level of the chromosomes. Moreover in our secondaries, such as the 
2n + 2-2 type (in which the extra chromosome appears to be formed 
by a break in two homologous chromosomes and the reattachment 
of similar parts to form double half chromosomes) the breaks in 
the chromosomes appear to be at the same place in all the cases in 
which the same chromosomes are affected. There is evidence from 
pur experience, therefore, indicating that there are preferred places 
in chromosomes at which breaks repeatedly take place. These facts 
offer some presumption in favor of the same segmental interchange 
having occurred independently in different regions. However, there 


PTl 
chromo- 
• somes 

Times modified to from PT’s 

Follow- 
ing treat- 
ment 

From nature 

Recurrent 

types 

Isolated 

types 

1-2 

18 

1 


84 

12 

1 

1 

5-6 

11 



7-8 

14 



9-10 

17 

1 


11-12 

17 

1 

1 

. 13-14 

19 



16-16 

18 


1 

17-18 

8 

1 


19-20 

13 

1 


21-22 

10 

2 

1 

23-24 

12 

1 

1 


J937 
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is no direct evidence in favor of the polyphyletic origin of prime types 
in nature. 

The modified chromosomes in prime types we have interpreted as 
resulting from segmental interchange between non-homologous chro- 
mosomes of our standard PT 1. Our method of testing, however, 
detects only the changed ends. It is likely that chromosomal changes 
have occurred inside the chromosomes of prime types in addition, to 
gene mutations which are known to have occurred in some cases 
and which may differentiate geographical races. It is not believed 
that such possible internal chromosomal , changes or gene mutations 
would have any necessary- relation to the type of interchange respon- 
sible for the prime types in question. This conclusion is reached 
from a study of tertiary 2n + 1 types derived from prime types. All 
the recurrent prime types have repeatedly been backcrossed to PT 1 
with retention of the hybrid chromosome configuration until the 
plants were indistinguishable in appearance from our standard PT 1. 
Ultimately the prime type is then extracted in homozygous condition 
free from any genes which may have been peculiar to the race from 
which the PT was originally obtained. By the proper breeding 
procedure each of the modified chromosomes may be made the extra 
in a 2n + 1 tertiary type in which all the chromosomes except this 
extra belong to PT 1. Thus from PT 2 we have isolated the two 
tertiaries 2n + 1T8 and 2n + 2T7. By this means we have isolated 
the modified chromosomes as extras in 2n + 1 forms from all the re- 
current prime types. We have in these cases apparently replaced all 
the unmodified chromosomes by PT 1 chromosomes and through cross- 
ing over have likely also replaced a large proportion of the modified 
chromosomes by parts of the PT 1 chromosomes from which they 
had been derived. Any recessive genes remaining would certainly 
be suppressed by the dominant allelomorphs in the unmodified chro- 
mosomes. The appearance of these purified 2n + 1 tertiaries derived 
from the prime types is what would be expected on the supposition 
that segmental interchange alone were responsible for their forma- 
tion. 

It is noteworthy that no simple translocations have been observed 
in nature in Datura. They have occurred not infrequently, however, 
following radiation treatment. They would have given a means of 
adding extra chromosomal material and thus changing the chromo- 
somal balance with a wide range of effects upon, the structure of the 
plant affected. Thus from the radium-induced prime type in which 
the -2 half of the 1-2 chromosome had been translocated to the 11-12 
chromosome with the T half left free, we have eliminated the free 
fragment and synthesized a pure-breeding type, (6) homozygous for 
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the 2-11-12 chromosome which differed in many characteristics from 
the normal on account of the extra chromosomal material which it 
contained. We have developed a method (7) whereby it is possible 
to synthesize pure-breeding types through the addition of internal 
excess material. This involves the combination of induced prime 
types in which the segmental interchange occurred between the same 
chromosomes but at different levels. The fewness of prime types of 
Datura in nature renders this particular method of adding chromo- 
somal material internally unlikely in our genus. We are still of the 
opinion earlier expressed (8) that the addition of excess chromo- 
somal material would furnish the kind of differences observed be- 
tween species and that in some way such addition of blocks of genes 
has been operative in evolution. We must confess, however, that the 
present study presents no evidence in support of this belief. Our 
contribution refers to changes in the end arrangements of chromo- 
somes. Though similar changes have occurred within all the species 
of Datura adequately tested and have at least accompanied the forma- 
tion of new species, we do not yet know their significance in evolu- 
tion. Our study at least presents a body of facts regarding what has 
actually taken place in nature in the vital units responsible for varia- 
tion in the organic world. The relation of these units to the origin 
of species is a field which has been sadly neglected. We feel it can- 
not be too strongly emphasized that the clue to the evolution of 
species lies in a study of the evolution of their chromosomes. 

Summary 

Data are presented on the distribution of chromosomal prime 
types (PT’s) in 583 races (287 purples, 289 whites and 7 races which 
were heterozygous for P and W) from 362 loci exclusive of 51 races 
from Botanic Gardens and commercial firms. Prime types found in 
nature consist exclusively of races produced by segmental interchange 
between non-homologous chromosomes in terms of a standard race, 
PT 1. With the exception of two single races, only five prime types 
(PT’s 1, 2, 3, 4, 7) have appeared in our collections. Some areas are 
represented by a single PT or PT association. Thus, all the races 
from Eastern Europe with the exception of one race from Russia and 
all the races from Asia with the exception of Japan are white-flowered 
PT 2 ; all the races from Brazil are PT 1 and also have white flowers ; 
all the races from Peru are PT 3 associated with PT 2. In some 
areas a mixture of types has been found, for example, in South- 
western Europe, the West Indies and Central America. In the United 
States most of the races are purples and predominantly PT 1 with 
PT’s 2, 4 and 7 occurring scattered within the eastern area. Whites 
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are found more frequently among the PT 2’s than among the PT I’s, 
a fact which suggests that PT 2 was introduced into this region as 
a white race from Europe or Africa where white PT 2’s are pre- 
dominant. Prime type 3 has always been found associated with PT 2 
which latter PT is the one most widely distributed. It is concluded 
that PT 3 probably arose in a PT 2 race. The two other species of 
the stramonium group, D. quercifoUa and D. ferox, have been found 
within the range of the “Peruvian” PT 2-PT 3 race. Since the tester 
races of these two species both have the four chromosomes of PT 2 
and PT 3, it is suggested that these two species are phylogenetically 
related to D. stramonium through PT 2 and 3. Prime type 2 chromo- 
somes are found in the majority of the Datura species tested. Prime 
type 4 and PT 7, however, appear to be limited to D. stramonium. 
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L’aspect et nombre des chromosomes meiotiques chez 
Sweertia peremis 
par 

Z. Woycicki 

J’ai constate dans mon travail sur Gentiana lutea}'^ que le dessin 
de Guerin, representant la coupe transversale du sac pollinique de 
.cette plante, presente de grandes differences avec le materiel sur lequel 
j’ai opere, Gette coupe rappelait en meme temps la structure histolo- 
gique des parois des sacs polliniques de Sioeertia. Chez, cette derniere 
precisement la paroi des sacs polliniques est composee, dans la periods 
plus precoce de celle, que nous voyons sur le dessin de Guerin, de 5 
couches-^ bien distinctes. Parmi celles-ci. deux externes, I’epiderme 
et I’hypoderme, sent composees de cellules hautes, tandis que les autres 
trois sont composees de cellules plates. Dans la susdite' periode c’est 
encore I’hypoderme qui presente les tendances bien nettes a la divi- 
sion =sur toute son etendue : dans plusieurs points on pent constater 
de nombreuses metaphases. 

A la limite de la vrai paroi de I’anthere repose, sur la face in- 
terne du sac pollinique, une couche de petites cellules qui se dechirent 
a la suite de la contraction, derarchespore, pendant la fixation (fig. 1) . 
Le tissu reniplissant le sac pollinique est compose de deux categories 
de cellules. Les unes sont remplies de protoplasme granuleux dans 
lequel repose un grand noyau, contenant un grand nucleole (et un 
oil quelques petits nucleoles), les autres possedent le protoplasme 
transparent, muni de grandes vacuoles (fig. 1) et d’un grand noyau 
(renfermant un ou parfois deux nucleoles). Les unes aussi bien 
comme les autres sont disposees en rangs discontinus dans le meme 
plan : ceux-ci sont interrompus au milieu de la largeur du sac 
pollinique. 

En comparant les coupes longitudinales avec les coupes trans- 
versales on voit que le tissu sterile forme une serie de mailles dans 
lesquelles les cellules meres du pollen traversent differentes phases, 
parfois assez distantes les unes des autres. Cette description 
harmonise entierement avec celle de Guerin (1924).^) 

Dans les periodes prophasales la ligne, le long de laquelle se fait 
la contraction du contenu du sac pollinique, apparait sous Taspect 

1) Woycicki, Z., 1935. 

2) Dans certains anthdres leur nombre arrive meme jusqti’a 7. 

3) “Ce tissu est tres abondant et forme une sorte da reseau. . . . . .” 

L.C., p. 1621. 
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d’un fosse entre deux couches du tapetum, parce que chez Sweertia - 
en comparaison avec les Gentianes, que j’ai eu Toccasion d’etudier- 
le tissu “nourricier” est compose de deux assises. II se forme ici de 
cette fagon une sorte de couche specifique “fondamentale” ou couche 
de transfusion sur laquelle sont montees des cellules tapetales qui 
proliferent vers Finterieur du sac pollinique. 





1 2 


Fig. 1. Sweertia perennis. Coupe transversal du sac pollinique pendant la pdriode de 
differenciation de I’archdspore. On voit ici la paroi de Tanthere, eomposee de 6 
assises de cellules, le tissu nourricier qui est forme de deux assises et des rangdes de 
cellules-meres du pollen qui alternent avec des rangees de cellules qui, suivant 
I’expression de Guerin, “concourent a la formation du tissu nourricier”.'') x ±350. 
Fig. 2. Sweertia perennis. Coupe longitudinals du sac pollinique pendant la periods 
des prophases des cellules-meres du pollen. On voit : la paroi de Tanthere, le tissu 
nourricier compose de deux assises de cellules, le tissu sterile en forme de reseau dans 
les mailles duquel se trouvent des vraies cellules-meres du pollen. Les cellules 
‘ ‘nourricier es” se jettent immediatement aux yeux a cause de leur forte vacuoli- 

sation.-) x±350. 


I Pendant la periode des prophases (surtout an stade du synapsis 

des cellules-meres du pollen) les cellules epidermales, dans la region 
suturale, ainsi que les cellules situees plus profondement, se divisent 
activement, ce qui conduit, dans la region du crampon stomiale, a 
Faugmentation du nombre de cellules situees les unes a cote des 
autres et les unes au dessus des autres. 

La formation de Fassise nourriciere a deux couches de cellules 
a lieu de tres bonne heure, ear dans les sacs de la fig. 1, c’est a 
dire dans la periode ou .on pent seulement distinguer de veritables 

1) Guerin, P., L.c., p. 1621. 

2) D’apres Guerin “les cellules-meres definitives du pollen .... qui separent 
des rangees de petites cellules demeurees steriles ” L.c., p. 1621. 

On constate pourtant sur la fig. 1 et 2 que les cellules, steriles chez 
Sweertia ne sont pas plus .petites mais au contraire elles sont dans ce moment 
plus grandes pour la plupart des cas que les cellules fertiles. 
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cellules archesporiales de cellules steriles, cette assise est deja double. 
Ce phenomene (de dedoublement) est probablement en relation avec 
le fait que les cellules de I’assise nourriciere, tournees vers I’interieur 
du sac pollinique, restent uninucleaires, c’est a dire que la differencia- 
tion de la dite assise en deux couches a epuise la possibilite de la 
division des noyaux de ses cellules. 

Deuxieme caractere, qui distingue Siveertia de Gentiana, c’est 
I’aspect des chromosomes. Chez Sweertia perennis dans la periode 
du leptotene tardif (fig. 3), du zygotene-pachytene (fig. 4) et du 
diplotene precoce (fig. 5) les chromosomes possedent une structure 
“chromomerique” nette.^^ Sans entrer, tout au moins pour le moment, 
dans la discussion au sujet de la nature de la structure “chromo- 
merique” des chromosomes, qui est, ce dernier temps, I’objet de vives 
discussions et de contradictions (Schaffstein, G., 1935; Hermans, 
G., 1936) je me borne en ce moment de fournir seulement quelques 
observations indiquant la difference qui existe dans I’aspect et sans 

doute dans la con- 
stitution des chro- 
mosomes chez les 
Gentianes et chez 
Siveertia. 

Au leptotene 
albrs dans les 
noyaux des cellules- 
meres du pollen 
chez Siveertia nous 
avons a faire avec 
les filaments minces 
d’une structure per- 
lee. Les filaments 
sont disposes a peu 
pres parallelement 
deux a deux, ou 
enroules-^ I’un au- 

tour de I’autre (fig. 
Fig. 3. Sweertia perennis. Deux noyaux au leptotene tar- o\ 
dif . Les filaments minces, disposes par paire, montrent une ‘ 

structure ‘• chromomdrique.” x±2600. Fig. 4. Sweertia Au zygotene les 
perennis. Deux noyaux au stade zygotene. Les chromo- chromosomes asso- 
somes homologues a la structure “chromomerique” entiere- . , .. 

ment conjugues. X±2500. (IlS* 4) COireS- 

1) D’apres Hem (1935) : „Die Chromomeren sind fast ausschlieBlich 
vom Leptotan bis zum Pachytan sichtbare. . ... .kugelige gesetzmaBig verschieden 
groBe Gebilde". (L.c., p. 422). 

2) Comme par example chez Dasyurus (P. C. Roller, Cytologia, V. 7, 

1936). »» 
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pondent plus ou moins a ce que nous voyons au dessin 3 (page 61) de 
Darlington (1935).^) 

Au moment du pachytene on a a faire avec les chromosomes, qui 
torment des entrelacements et des boucles d’une structure perlee soit 
sur toute la distance, possible a observer au microscope, soit sur 
certaines tranches, done avec les intervalles. Dans ces intervalles les 
chromosomes, mutuellement couples, torment une bande aux bords 
effiloches qui rappelle beaucoup, par sa structure, le segment frontal 
(a) de la fig. 21 de Darlington (1935), ce que cet auteur appelle 

“nearly complete pairing '’.2) II y a toujours dans cette periode 

un seul nucleole qui repose au centre du noyau. Celui-ci ne presente 
(a la suite de ^application de notre fixateur)^) aucune structure, 
rappelant, tout au 
moins en partie, 

de fines structures ^ 

des reseaux faible- / 3 ^ 

ment colores, repre- I v 1 

sentes sur la fig. 4, \ 

pi. 27 de Taylor y y 

La structure 

“chromomerique” se ^ 

maintient chez 5. Sweertia perennis. Deux noyaux au stade diplotene 

PTir-nrA P^ecoce. La plupart des segments montrent deja la separa- 
tion des chromosomes homologues, qui sont partiellement 
dans le diplotene entrelaces. La structure “ chromomerique ” des homo- 
precoce (fig. 5), logues separ^s, encore bien conserves, x ±2600. 

pendant lequel les 
chromosomes homo- 

logues possedent le / \ 

caractere tres rap- / . \ m"\ 

proche de la figure 

tardif (et surtout 7 

au strepsitene) Fig. 6. Sweertia perennis. Le noyaux au stade diplotene- 
quand les chromo- ^'t^epsitene. x±2600. Fig. 7. Sweertia perennis. Le noy- 
aux au stade de diacinese precoce. Les cordons noueux, 
SOmes homologues converts par la substance peu colorable (matrix) x±2500. 


Fig. 5. Sweertia perennis. Deux noyaux au stade diplotene 
precoce. La plupart des segments montrent deja la separa- 
tion des chromosomes homologues, qui sont partiellement 
entrelaces. La structure “chromomerique” des homo- 
logues separ^s, encore bien conserves, x ±2600. 


tardif 


somes 


Fig. 6. Sweertia perennis. Le noyaux au stade diplotene- 
strepsitene. x±2600. Fig. 7. Sweertia perennis. Le noy- 
aux au stade de diacinese precoce. Les cordons noueux, 
converts par la substance peu colorable (matrix) x±2500. 


1 ) Darlington parle de “double pachytene” dans le texte et de “zygotene” 
dans I’explication des figures 1-6 page 61. 

2) Darlington, C. D., l.c., p. 67. 

: 3) WbYCiCKi, Z., 1932. 
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se raccourcissent, s’epaissisent et forment originairement les cordons 
irregulierementnoueux (fig. 6).^) 

Les chromosomes meiotiques chez Siveertia, forment habituelle- 
ment dans la diacinese precoce (fig, 7) des couples un peu paralleles 
ou en forme de V, caracterises par leur union terminals et par la 
presence d’une substence peu colorable (matrix). 

C’est seulement certains parmi les chromosomes et surtout les plus 
longs qui forment, il me semble, des ciseaux ou tenailles avec les 
“interstitial chiasmata”, qui d’apres Belling^) possedent une im- 
portance fondamentale pour Techange des genes, Dans certains cas 
les noyaux au stade de diacinese plus avancee renferment, chez 



Fig. 8a et 8b. Sweeriia perennis. Gemini en forme de V, des dlipses ou cercles. 
Certains parmis eux (fig. 8b) forment des tenailles avec les “interstitial chiasmata”. 
X±2500. Fig. 9. Sweertia perennis. L'anaphase hdtdrotypique montrant les groupes 
a 12 chromosomes pendant leur ascension vers les poles respectifs. x ±2600. 


1) Comparer: Mopfet, A. A., Gytologia, 1932, p. 30, fig. 6. 

2) Belling, J., 1931, 


^931 L'3'Sp6ct 6t nombrG dGS chromosoross ixieiotiques ch6z SwBCTtici psTennis JQQQ 


Siveertia, au lieu de paires, aux chromosomes disposes en V, des paires 
de chromosomes attaches Tun a Fautre par leurs deux bouts — qui sont 
frequemment unis par deux fins tractus (fig-. 8b) — et formant des 
ellipses ou cercles (fig. 8a). 

La definition du nombre de chromosomes chez Sweertia ne repre- 
sente pas de telles difficultes comme chez les Gentianes, chez lesquelles 
on a pu definir approximativement^) seulement le nombre de chromo- 
somes. II est relativement facile de definir chez Sweertia, aussi bien 
le nombre de gemini (stade de diacinese) que le nombre de chromo- 
somes univalents (anaphase meiotique, fig. 9) a condition que la 
cinese se fasse normalement. Ce nombre est de 12 et se rapproche 
alors du nombre observe par Oehler chez Voyrielld pnrvifloTa^'> et 
par Sakai chez Gentiana 

Resume 

1. La paroi externe du sac pollinique de Siveertia diiferej au 
point de vue de la structure, de la paroi des Gentianes, etudiees 
jusqu’a present (G. asclepiadea, G. Fetisoivi et G. lutea) , car elle 
est formee d’un plus grand nombre d’assises (6-7). 

2. Tapetum est forme de deux couches, ce qui permet de dis- 
tinguer une couche fondamentale, ev. couche de “transfusion”. Les 
cellules de ces deux couches restent uninucleaires. 

3. Les chromosomes meiotiques chez Sioeertia perennis pre- 
sentent, malgre leur petitesse, une structure “chromomerique” depuis 
leptotene jusqu’au diplotene precoce. 

4. Pendant la diacinese les chromosomes homologues f orment 
le plus souvent des couples paralleles en forme de V ; souvent les 
couples s’unissent par deux bouts ce qui mene a la formation des 
ellipses ou des cercles; enfin un des couples prend habituellement la 
forme d’une tenaille fermee, avec “interstitial chiasmata”. 

5. Le nombre de geminis est de 12 et le nombre d’ univalents 
dans Fanaphase (ou au stade des diades) est egalement de 12. Ce 
nombre s’approche du nombre de chromosomes etabli par Oehler 
pour VoyrieUa parvifiora ou par Sakai pour Gentiana Makinoi. 

Institut de Botanique Generale de 
I’Univ. J. Pilsudski a Varsovie 

1) Tischler, G., 1931, p. 170; 1935/36, p. 36, 

2) Oehler, E. (1927) en parle de 10-14. 

3) En se basant sur le nombre somatique, obtenn par Sakai (1934), 
Tischler (1935-36) fournit le nombre de 13. 
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Cytogenetic Studies in Artificially Raised Interspecific Hybrids 
of Papaver. VI. 

The trigeiiomic hybrids of Papaver 
By 

K. Yasui 

(With 2 Plates and 19 Text-figures) 

Introduction 

In the previous papers (1936 a and b) I have shown that 
1) Papaver orientate has no homologous chromosomes in common 
with P. somniferum] 2) the plant No. 41-8 is a hybrid of P. orientate 
and P. bracteata; 3) the haploid chromosome set of P. orientate has 
three genoms, 0 i 020 a , and Oi and O 2 are at least partially homo- 
logous to each other, being capable of forming 7 gemini, but it was 
left undecided whether Oa is homologous to Oi and O 2 or not; and 
4) the genom O 3 has 6 homologous chromosomes in common with 
the genom B. 

P. somnifemm was pollinated with the pollen of the plant No. 
41-8 and many good seeds were obtained. Almost all of the Fi plant, 
however, died before the flower buds grew to a suitable stage for 
study, while some of them developed no flower buds, though they 
grew rather vigorously. Thus only two plants were secured for 
study. One of these two plants 41-124-3 showed several karyo- 
logical peculiarities w^hich suggest little affinity between the two 
parent plants. 

Material and Method 

The flower buds in a suitable stage of meiotic division were 
fixed with Carnoy’s aceto-alcohol (1:3) mixture and transferred 
in 70% alcohol in which they were preserved. Also fresh material 
of PMC was stained with aceto-carmine with very good results, 
comparable with those of preserved materials. The material 
gradually swelled however as time elapsed, so as to make it difficult 
for us to speak of the natural size of the chromosomes. 

To determine the number and other characters of somatic chro- 
mosomes the root-tips of seedlings were fixed with Navashin’s 
fixative. Microtome sections were stained with Heidenhain’s iron- 
alum haematoxylin. 

1) Contributions from the Divisions of Plant-Morphology and of Genetics, 
Botanical Institute, Faculty of Science, Tokyo Imperial University, No. 180. 
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All drawings were made, using a camera lucida with a Zeiss 
objective, H.I. x 100, N.A. 1.3, and ocular K. 12. They were reduced 
to 2/3 in reproduction. All photomicrographs were taken with a 
Zeiss objective, H.I. x 100, N.A. 1.3 and Leitz periplane ocular 
X 10, and reproduced in the original size. 


Observation 



1. Exterfial characters. The Fi plants (Text-fig. 1), being 
rather slender were not so vigorous as the parent plants. The stem 
was tomentous like the male parent, the leaves stiff ; several floral 
shoots appeared and branched copiously, producing many buds 
which however mostly withered in a premature condition, so that only 
a few of them were able to bloom. The flower was smaller than 
those of either of the parents ; the colour of the petal was orange-red 
with purple spots on the base, resembling that of the male parent. 
Among such flowers there were some in which the pistils and some 

of anthers were 
abortive. The plants 
grew for several 
years, though they 
had shorter lives 
than the male 
parent, and died 
off without giving 
seeds. 

2. Somatic cell. 
The nucleus of the 
somatic cell when 
stained showed 
deeply stained dots 
at the periphery of 
the nuclear cavity 
and near the sur- 
face of the nucleo- 
lus. In the early 
prophase the dif- 
ferentiation of the 
chromosomes starts 
from these deeply 
stained dots. The 

chromosome number in the root-tip cells of several seedlings 
was found to be 25, that is the sum of the gametic chromosome 


Text-fig. 1. The Fj plant, artificially raised hybrid, P. somni- 
/emmx the plant No. 41-8. 
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numbers of both parents (Text-fig. 2, and Plate 43, Fig. 1). Besides 
26 chromosomes were counted in a mature plant from which the 
microsporocyte . material of the present investigation was mostly 
obtained. The additional one chromosome might have been derived 
from the male parent, but not from an irregular division of the 
somatic cells in the Fi plant, though the irregular division occurred 
often in this plant. There is a possibility in PMGs of the male 
parent that there may occur non-disjunction of certain gemini or 
duplication of chromosomes. 

3. Cytomixis. In the aceto-carmine-smear material, some PMGs 
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Text-figs. 2-13. 2. Polar view of the metaphase of a root-tip cell; 25 chrorrosomes 
seen. 3-13. PMCs of the Fj plant No. 41-124. 3, diplophase, 6 bivalents (black), one 
trivalent (f) (black), and 11 univalents (blank) seen, dotted circle shows the nucleolus, 
two bivalents attached to a nucleolus. 4, Diaphase, t shows a ring shaped trivalent. 
5, 1st meiotic division, polar view, 6 bivalents at the center (black), other chromosomes 
at the peripheral region of the equator of the spindle. 6, 1st meiotic division, side 
view, 6 bivalents (black) at the equator, others scattering around them ; one univalent 
is not shown. 7, 1st meiotic division, side view, separated bivalents and trivalent at 
the poles, univalents (blank) are dividing at the equator ; two excess chromosomes pre- 
sent. 8, interphase, two small extra-nuclear chromosomes es shown at the equatorial 
region of the 1st spindle. 9, 2nd meiotic metaphase, polar view, a chromosome bridge 
shown between two daughter nuclei 10, 2nd meiotic division, later stage. 11, 2nd 
meiotic division, 3 equatorial plates formed. 12, a triad, an arrow points to the 
chromosome bridge, e shows extra-small nucleus. 13, 7 pollen grains, produced in one 

PMC seen. 
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showed cytomixis (Plate 43, Fig. 2). It was caused certainly as 
an artifact by the pressure applied by the smear. But it is interest- 
ing as showing that the ‘atractoplasm’ (FUJII 1926) gets into another 
cell cavity together with the chromosomes, but does not mingle with 
the cytoplasm of the neighbouring cell. In the diaphase, intra- 
nuclear substance can easily be transferred into the neighbouring 
cell through pits in the wall. 

4. Pollen mother-cell. In this Fi plant besides the ordinary 
PMCs there are peculiarly enormous ones. In addition to them, 
abortive-PMCs generally are found in the same anther. 

5. Meiosis in an ordinary PMC. In the meiotic phases they 
show mostly the constitution 6n + Im + Hi (Text-fig. 3). Four of 
6 bivalents were larger than the remaining two which are spherical 
in shape in the 1st metaphase. The trivalent association was 
generally a chain (Text-fig. 3, t) , but in a few case they associated 
in the form of a ring (Text-fig. 4, t) . This trivalent has never been 
observed at the equator simultaneously with the bivalents. At that 
stage there was observed always a bivalent chromosome at the polar 
region (Text-figs. 5, 6). Sometimes a bivalent appeared at one pole 
and a univalent at the other as if that were derived by the separation 
of a trivalent (Plate 43, Fig. 5). 

When the bivalents begin to separate at the anaphase the uni- 
valents come into the equator moving along the periphery of the 
nuclear cavity, come into the equator and arrange themselves in a 
peripheral circle. In such stage the polar view of the aceto-carmine 
material shows that the central bivalents are stained deeper than 
the peripheral univalents, as if the former had a stronger power 
of adhesion to the stain (Plate 43, Fig. 4), but in the side view, 
neither the bivalents nor univalents show any such difference. The 
difference in the staining colour in the polar view is probably due to 
the difference of the thickness of the chromosomes. 

In the metaphase of the univalents, some of them are situated 
bearer 'to one pole than to other. They may pass into one pole with- 
out separation. In other cases, the divided halves may separate 
,and the one half precede while the other retards, as they are dif- 
ferently distant from the two poles (Plate 43, Fig. 7, a and b) . 
Thus almost always some chromosomes retard, resulting in the 
appearance of, extra-nuclear chromosomes (Text-fig, 8), or a chro- 
mosome bridge, which often joins two daughter nuclei even at the 
.stage in which the latter are in the 2nd divLsion (Plate 43, Figs. 8 
and 9; Text-fig, 9), Restitution nuclei were also observed. 

In some PMCs a more or less complete cell wall formation 
occurred after the 1st meiotic division (Plate 43, Pig. 14), which is 
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unusual in the PMC oi Papaver. The 2nd meiotic division occurred 
in such divided daughter cells just as in the case where such cell- 
wall formation is omitted. Consequently there were observed both 
simultaneous and successive tetrad-formations in one and the same 
anther, as I already described in an Fj plant between P. sommferum 
md P, orientale (Yasui1931). 

In the 2nd meiotic division almost all chromosomes, those 
derived from bivalents as well as those from univalents, entered in 
the formation of the equatorial plate sim-ultaneously (Plate 43, 
Figs. 9 and 13; Text-fig. 9). While the divided halves of the 
bivalents separate first and go to both the poles, undivided ones 
(divided halves of the univalents in the 1st division) are left at the 
equatorial region. When the former get into a later anaphase, the 
latter follow them toward both poles with a random distribution 
(Plate 43, Pig. 10; Text-fig. 10). Sometimes three equatorial plates 
instead of two are formed in a PMC which consists of about the 
same number of chromosomes (Text-fig. 11). Thus the second divi- 
sion is also irregular, so that almost all PMCs show more or less 
irregular tetrad formations, extra-nuclear chromosomes, lagging 



Text-figs. 14-19. PMCs of the Pi plant No. 41-124, 14, probably a restitution nucleus, 
side view of 2nd meiotic division. 15, one enormous nucleus, containing a few tetra- 
valents. 16, an enormous PMC in which 14 bivalents (black), 6 univalents (blank) 
and 2 nucleoli (dotted circle) are seen. 17, another large PMC, many bivalents in 
metaphase and one univalent (blank) shown, one or 2 remaining univalents not being 
shown. 18, 1st meiotic division of large PMC, side view, 19, another large PMC, 
many bivalents (black) seen already separated, while three are in division, and univa- 
lents (blank) are about to enter into the equator. 
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cliromosomes, chromosome bridges, dyads, triads, pentads, hexads ; 
miniature grains mixed with large grains, etc. being found mixed 
with regular tetrads. 

There were observed in some PMCs about 30 univalent-like chro- 
mosomes, of which most were arranged at the equator while the rest 
were scattered around them (Text-fig. 15). Such a PMC is probably 
the restitution cell of the 1st meiotic division. From the number 
and the structure of the chromosomes we can conclude that the divid- 
ing chromosomes at the equator are the separated halves of bivalents 
and not divided univalents in the 1st meiotic division, while here 
non-dividing and scattering ones are the divided halves of the uni- 
valents in the 1st division. Such PMCs will give rise to dyads, having 
two different chromosome constitutions in their nuclei, because the 
distributions of the divided univalents into two daughter nuclei are 
different. , . 

6. Enormous PMC. a) Some of large PMCs had nuclei twice 
as large as those of the ordinary PMC. Some of them had a notch 
on the cell wall which suggests the imperfect division of an arche- 
sporial cell (Plate 44, Fig. 15). The size of the cell and nucleus, the 
chromosome number, their configuration, and the notch show that 
this PMC has a restitution nucleus formed by the irregular division 
of the premeiotic division of an archesporial nucleus, b) A large 
PMC accompanied by a small abortive one was found (Plate 44, 
Fig. 16) . They are sister cells produced by unequal nuclear and 
cell division of an archesporial cell. In the metaphase of the 1st 
meiotic division of this large cell, the chromosomes are found mostly 
as bivalents, but few of them as univalents (Text-fig. 17). The 
division of such a nucleus is more regular than that of the ordinary 
ones, and passes into an interkinesis rather normally (Plate 44, 
Fig. 17) . The small sister ceil had a completely resting nucleus 
whose size corresponded to one or two chromosomes. Such small 
cells accompanying larger sister cells were found several times in 
several anthers (Plate 44, Fig. 18, c, and Fig. 19). Some of the small 
cells were fairly large in size, but the nucleus did not show any trace 
of meiosis (Plate 43, Fig. 12), while some small sister cells were in 
the meiotic prophase (Plate 44, Fig. 20) . c) There was found another 
large PMC in which two unequal nuclei were dividing (Plate 44, 
Fig. 21). The division in the small nucleus is rather regular, while 
that in, the large nucleus is quite irregular. It is difficult to determine 
yvhethemthis PMC shows the 1st meiotic, division or the 2nd division. 
If the former is the case, then the PMC Wa,s- derived from an 
Archesporial cell in Which an irregular premeiotic nuclear division 
occurred without cytokinesis. But if the latter is the case, then the 
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PMC was an enormous one having a large restitution nucleus which 
divided into two unequal daughter nuclei. 

These irregularities were found in several anthers and also in 
the several flowers gathered on different days. Though the chromo- 
some numbers in such large PMCs were not the same, the number 
of the bivalents was more than seven, while the number of the uni- 
valents was generally smaller than that of the ordinary PMC 
(Plate 44, Figs. 16, and 22; Text-figs. 15-17). These facts show 
that the large nuclei contained a larger number of the homologous 
pairs of chromosomes than those of the ordinary PMC. 

The stages of the meiotic division of the PMCs in one and the 
same anther were not the same generally, and the division into the 
enormous PMC was generally in an earlier stage. The 2nd division 
in the enormous PMC was not observed. 

Thus there were many kinds of PMCs in one and the same anther, 
and their division was also irregular and moreover the mode of cyto- 
kinesis was not the same, consequently the tetrad formation is quite 
complicate, dyads, triads, pentads, extra-nuclear chromosomes, minia- 
ture pollen grains, chromosome bridges, etc. being found. The chro- 
mosome numbers in these pollen grains are different from each other, 
and the combinations of the chromosomes of different genomic deriva- 
tion can be of extreme complexity. 

Discussion 

1. The genom constitution. Plant 41-8 is a tetraploid, whose 
genom constitution was analysed as O 1 O 2 O 3 B, where Oi and Oo are 
homologous to each other (Yasui 1936b) . Thus we may say that 
there are genomically two different pollen grains, O 1 O 3 and OiB, 
while O 3 and B have 6 homologous chromosomes. If P. somniferum 
had only one genom in its gametic chromosome sets which form 
gemini with the chromosomes of P. orientate in Fi plant (Yasui 
1922, Lyjungdahl 1923, Sansome and Philp 1930), and if seven 
of 11 chromosomes in somniferum are homologous to Oi , then the 
remaining 4 must have their partners to form gemini in O 3 , because, 
if it is not so, they must have partners in Oo , while Oo is homologous 
with Oil consequently the 4 chromosomes in question must have their 
homologues in the other 7 chromosomes of somniferum. This con- 
sideration is however not in accord with the above mentioned assump- 
tion that P. somniferum had only one genom. If we accept the 
assumption, then we must have at least 10 or 11 gemini in the Fi 
plant (P. somm/emm X 41-8) , but as a . matter of fact we have only 
6 bivalents and 'one trivaleht. 
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One might consider that the 6 bivalents and the one trivalent 
have been derived from the male parent and the 11 univalents from 
the female parent. Then either Oi and O3 or Oi and B must be 
homologous. Thus it becomes highly probable that P. orientale is 
an autohexaploid. But such a view can not explain the fact that 
the Fi plant of P. somniferum x P. orientale has 11 bivalents and 
10 univalents. According to this consideration the Fi plant of somnu 
ferum and orientale mast have its chromosome constitution 7n + I81 
or Tin + 111 • Therefore this view is also inadmissible. 

According to my view (Yasui 1936b) P. Somniferum has no 
homologous chromosomes in P. orientale and P, somniferum has 4 
pairs of chromosomes in its own chromosome set which form gemini 
in Fi plant of P. somnifemm x P. orientale and also in the Fi plant 
P. somniferum x P. lateritium ; therefore 4 of the 6 bivalents in the 
Fi plant {P. somniferum X 41-8) must have derived from the female 
parent and the 2 bivalents and the one trivalent from the male parent. 

From the presence of two bivalents and one trivalent, we may 
conclude that there are three more or less homologous pairs in the 
genoms Oi and O3 and in Oi and B. 

2. Irregular premeiotic division. Karpechenko (1927) des- 
cribed a binucleate PMC in Raphanus-Brassica hybrid. He also men- 
tioned the possibility of the production of PMC with a double number 
of chromosomes, by a suppression of the nuclear division after the 
longitudinal splitting of chromosomes had already occurred. FUKU- 
SHIMA (1931) described the meiosis of diploid, tetraploid, and octo- 
ploid PMCs in one and the same anther in a race (Japanese name 
Miduna) of Brassica japonica, though he did not ascertain the origin 
of these duplications. However, he has concluded with MORINAGA 
who has found a similar case in Keya-kabu (a race oi Brassica Rapa). 
(unpublished) that the duplication might have occurred in some 
archesporial cells. Shimotomai (1931, and 1933) also described the 
enormous PMC in the species hybrids of Chrijsanthemum, oonsidev-* 
ing the possibility of their formation by irregular division of arche- 
sporial cells. The case of Papaver now under discussion gave an 
actual proof of the irregular division of the archesporial cells, What 
would be the cause of such an irregular division? 

Since Nemec (1910) has reported on the artificially induced 
irregular behaviours of mitosis, there have been so many similar ob-* 
servations made under various artificial conditions (temperature, 
narcoses, . X-radiation, radium-rays ftc,), as to be too numerous to 
mention here. In the present case ofPapaver there has been no such; 
unusual external conditions found, so that the irregular divisions are 
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to be ascribed to an internal condition or at least to strong suscep- 
tibility to a change in the external influences. 

The genom constitution of the male parent (41-8) is 
O1O2O3B + 1, in which chromosomes in Oi and O2 can form gemini, 
and 6 chromosomes in O3 can asscoiate with 6 in B. In the meiosis 
in the Plant 41-8, they have random assortments : therefore if these 
’.associations are due only to their partial homology, the gene constitu- 
tion of the pollen grains must be very complicated, and may cause the 
abortion of the pollen grains. But actually the; pollen grains are 
rather healthy, therefore such a random assortment does not affect the 
viability of the pollen grains, but they might exert influence on some 
.characters in the sporophyte. The complex constitution of chro- 
.mosorne sets in a nucleus, especially the difference in the rapidity of 
the separation movement of the chromosomes may produce the 
irregularities even in the premeiotic division. In an extreme case 
they may give a chance for the separation of one genom from the 
other. 

Still further there is another possibility . that the premeiotic 
irregular division may be due to the effect of the aneuploid constitu- 
tion of the plant, Shimotomai’s Chrysanthemum above referred to 
is also an aneuploid (7n-l), while the case of Fukushima’s Brassica 
is a true diploid. A further study of the 25 chromosome Pi plant 
is expected to throw some light on this point. . 

The pollen grains having diploid or some aneupolyploid* chro- 
mosome sets may be viable, and then they may give a change for the 
origin of a polyploid or aneupolyploid sporophyte. 

3. Tetrad formation. I have described before (1931) an 
example of Papaver in which successive and simultaneous tetrad divi- 
sions occurred in one and the same anther. It was considered as 
caused by the influence of unusually cold weather. Such simultaneous 
occurrence of the two kinds of tetrad divisions in an anther happened 
in the present material too. But in the present case it happened in 
several buds and the special external causes are not known. At any 
rate, it is a fact that in case of longer interkinesis and slowness of 
division the successive division takes place. 

As I have mentioned in my previous paper (Yasui 1931) these 
types of the tetrad formation are not specifically fixed characters of 
certain plant groups, but they may vary under certain external or 
internal conditions, 

* I should like to propose this term to denote a chromosome set having 
plus or ininus chromosome in addition to certain euploid chromosomes; the word 
‘poly’ may be substituted by a term denoting a number, namely di- tri- etc.; 
also the word ‘hypo’ or ‘hyper’ may be prefixed (e.g. ‘hypoaneudiploid’, ‘hyper- 
aneutriploid*, etc.) . 
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4. The ahortive-PMC. The abortive-PMC is a daughter cell 
produced by a premeiotic irregular division of an archesporial cell. 
It is a question why its nucleus does not show any sign of division 
while the sister nucleus is in the meiosis. Several cases of the 
artificial suppression of the processes of mitosis and meiosis have 
been described by various authors. But in the present case such 
abnormal external influences cannot be considered, because the sister 
cells and other ordinary PMCs were showing the normal meiotic divi- 
sion, so that the PMC-abortion must be ascribed to some internal 
cause or causes. The smaller number of the chromosomes in the 
nucleus alone cannot be the cause, because some small sister cells 
were in prophase. In the meiotic phases sometimes a few chromo- 
somes, even one, can form a nucleus which can show 2nd division, 
and some retarding chromosomes do not enter into 2nd division and 
generally degenerate in the cytoplasm. It is unknown yet how the 
two cases are different in the nuclear conditions. The only cause 
we can now consider is that in the latter case the chromosomes are 
naked or not enclosed in the ‘atractoplasm’. The same cause may be 
present in some of the abortive-PMCs, but it is not applicable in all 
cases, because some of the latter are large enough and enclosed within 
‘atractoplasm’. 

Finally we may consider certain chromosomes containing genes 
which are concerned with the process of meiosis. 

Summary 

1. A hybrid between P. somniferum and the plant No. 41-8 (a 
supposed natural hybrid between P. orientale and P. bracteata) was 
produced. The Pi plant resembled the male plant mostly in its ex- 
ternal characters, but a few characters resembled those of the female 
parent. 

2. The chromosome number in the root-tip cells in many young 
Fi seedlings was 25 which is the sum of the gametic numbers of the 
parent plants, but the chromosome number of a matured Fi plant, 
from which the material of this cytological study was obtained, was 
26. The one additional chromosome may have been derived from the 
male parent. 

3. There were found mainly two kinds of PMCs, an ordinary 
and an enormous one, in the Pi plant. The chromosome constitution 
in the ordinary PMC was Gh + Im + Hi . The meiosis in these PMCs 
was in general of the Triticum type and produced dyads, triads, 
pentads, hexads together with tetrads, also showing other irregulari- 
ties, such as extranuclear chromosomes, chromosome bridge, lagging 
chromosome, miniature pollen grains, etc. 
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The relationships of the genoms in the Fi plant were discussed. 
Enormous PMCs derived from the archesporial cells by irregular 
premeiotic divisions were observed. Chromosome numbers in them; 
were various, showing more bivalents and less univalents than those 
of the ordinary PMC. As a result some multi ploid or aneuploid 
gametophyte may be produced.;' ’ • . . 

The abortive-PMC is the small sister ceil of the enormous one.' 
It has always the resting nucleus showing no trace of the meiosis. 
This suppression of meiotic division- is considered as due to a. gene 
or genes which govern the meiotic process. 

Here the writer wishes' to express her best thanks to Prof. K. 
FUJII, by whose suggestion these studies were started, for his valuable 
advice throughout the course of the work. The expence of carrying 
out this study was partly defrayed out of a grant from the Japan 
Society for the Promotion of Scientific Research, to which the writer’s 
thanks are due. 

Botanical Institute, Faculty of 
Science, Tokyo Imp. University 
and Botanical Department, Tokyo 
Higher Normal School for Women 
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Explanation of Plates 

All figures are photomicrographs taken with Zeiss objective, H.I. XlOO, N.A. 1.3 

and LEiTzperiplane ocular X 10, XlOOO. 

Plate 43 

Fig. 1. A polar view of a metaphase and a resting nucleus from a seedling of the Fj 
plant No. 41-124 (<S. somn^er%ra.x Plant Mo. 41-8). 

Figs. 2-12. PMCs of the Fj plant No. 41-124. 

Fig. 2. 2 PMCs, showing cytomixis. 

Fig. 3. A diaphase. 

Fig. 4. Polar view of a 1st meiotic division, bivalents in the center and the univalent 
at the periphery of the equatorial region. 

Fig. 6, 1st meiotic division, side view, showing bivalents at the equator and some 
univalents scattered around them ; a bivalent at one pole, and a univalent 
at the other. An arrow points out a bivalent at the pole. 

Fig. 6. 1st meiotic division, equatorial side view, four large bivalents are about to 
separate their partners. 

Fig. 7, a and h. Side view of the 1st meiotic division at two optical planes; sepa- 
rated bivalents nearly reached the poles, while the remaining ones at the 
equatorial region. 

Fig. 8, Interphase, a chromosome bridge is seen. 

Fig. 9, Metaphase of the 2nd meiotic division, polar view; chromosome bridge 
between the two daughter nuclei seen. 

Fig. 10. A later stage, separated halves of the bivalents at the poles, the halves of 
univalents seen at equator. 

Fig. 11. A still later stage, showing chromosome bridges between two daughter 
chromosome groups of the 2nd division and also those produced by the first 
division between the daughter nuclei of the first division. 

Fig. 12.: A PMC having the completely resting nucleus. 

Fig. 13. A large tapetum cell (b) having two enormous nuclei situated very close 
. to each other, and a PMC in 2nd meiotic metaphase in side view (a). 

Fig. 14. A group of PMCs from one and the same anther showing their nuclei in the 

, 2nd meiotic metaphase. The three cells to the right show that they divided 

completely after the 1st meiotic division, while the two to the left show 
incomplete cytokinesis after the 1st division. 

Plate 44 

Fig. 16. A large PMC having one large nucleus in diaphase, the wall at the upper 
side of the figure shows the trace of an incomplete cell division. 

Fig. 16. A large PMC accompanying a miniature sister cell (abortive-PMC) ; the 
larger cell in the 1st meiotic raetaphase shows many bivalents and a few 
univalents. 

Fig. 17. Interkinesis of a large PMC. 

Fig. 18. PMCs from one and the same anther; a tetrad, 6, dyad, c, abortive-PMCs 
having resting nuclei. 

Fig. 19, A very small abortive-PMC, having a resting nucleus. 

Fig. 20. A small PMC having chromosomes less than in an ordinary PMC. 

Fig. 21. A large PMC, having two dividing unequal sized nuclei. 

Fig. 22 a and b. 3 PMCs from one and the same anther in different optical levels, c, 
a large PMC in the telophase, a number of separated univalent-halves near 
the poles, and one univalent at the equator where the MLI (middle lamella 
initial) is seen ; d, a PMC in the 1st meiotic phase ; e, an ordinary PMC in 
the 2nd meiotic division. 
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Uber das sogenannte Scbrittwachstum der Zelle 

Von 

W. A. Becker 

Aus dem Institut fiir Allg. Botanik Josef-Pifeudski-Universitat Warszawa 
(Vorstahd: Prof. Z. Woycicki) 


I. Einleitung 

Als ich nach meinen Uiitersucliungen uber die Phragmoplasten- 
cytokinese (Becker, 1932, 1934) auch andere Arten der Cytokinese 
und Protoplasmaumhautung untersucMe (Chlamydomonas, Sapro- 
legnia; 1934), wurde icb auf manche Vorgange aufmerksam, die eine 
nahere Untersuchung erforderten. Als Objekt fiir die XJntersuchun- 
gen iiber Plasmaumhautung wahlte ich Basidiobolus rarmrum, bei 
welchem— wie aus der Literatur hervorgeht — ^vier verschiedene Por- 
men von Membranbildung de novo beobachtet wurden : 

1. Auf der Oberflache des sich kontrahierenden Protoplasten 
im Zusammenhang mit dem Scbrittwachstum, wobei die Membran 
leere Kammern abgliedert (Raciborski, KtiSTER, u.a.). 

2. Im Innern des Plasmas der vegetativen Faden im Zusam- 
menhang mit der Kernteilung (Olive, Raciborski u.a.). 

3. Zellplatten-Cytokinese im Zusammenhang mit der Bildung 
von Kopulationsorganen (Fairchild) . 

4. Umhautung der Palmella-Formen (Raciborski, Levisohn 
u.a.). 

Basidiobolus ranarum ist iiberdies ein klassisches Beispiel fiir 
sehr rasches und intensives Oberflachenwachstum der Membran, 
wobei das Wachstum angeblich ohne Anteil des Turgors erfolgt. 
Alle diese Umstande Hessen erwarten dafi Basidiobolus fiir die 
Untersuchung der uns interessierenden Vorgange sich besonders 
eignen wird. Dieser Pilz zeichnet sich bekanntlich durch seine groBen 
Zellen und Kerne aus, laBt sich leicht in vivo> beobachten und eignet 
sich fiir Vitaluntersuchungen (Raciborski, Woycicki, Ulehla, 
Moravek, Becker, Skupienski u.a.) . 

Das Material mit welchem wir arbeiteten wurde in Reinkultur 
aus dem Mykologischen Institut in Baarn bezogen. Die Kulturen 
wurden entweder in ERLENMEYER-Kolben und PETRI-Schalen (Makro- 
kulturen) oder auf Deckglaschen in Feuchtkammern (Mikrokulturen) 
angelegt. Nahrlosungen wendeten wir verschiedene an : fliissige, feste 
gefarbte, und farblose. Im Bedarifalle nahm ich zu verschiedenan 
experimentellen Hilfsmethoden, wie Vitalfarbung, Plasmolyse, 
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Mikrurgie u.s.w. Zufiucht, Die vorliegende Publikation enthalt 
Beobachtungen uber das sogenannte Schrittwachstum der Zelle. 

IL Uber das Schrittwaclistum der Basidiobolus-7L&\\& 

Die bereits seit Hofmeister (1867, S. 45) bekannte Tatsache, 
dafi an der Spitze rohrenformiger Zellen mit unbegrenztem Wachstum 
(Algen, Pilze, PollenscMaiiphe) Protoplasma sich ansammelt, wurde 
diirch Raciborski (1907) an Basidioholus, wo uberdies die Terminal- 
zelle durch eine Querwand rhytmisch , abgegliedert wird, genauer 
imtersucht und als -Schrittwachstum bezeichnet, Der Mechanismus 
dieses Wachstums und der Plasmakontraktion wird von alien Autoren 
auf dieselbe Art und Weise gedeutet. 

Hofmeistek (S. 45; vgl. auch Kuster, 1929, S. 24) schrei.bt dariiber: Eine 
langsame Wanderung des Protoplasmas, auch desjenigen des relativ ruhenden 
Wandbelegs kommt alien Algen und Pilzen zu, deren Vegetationsorgane rohreni 
formige Zellen mit unbegrenztem Wachstpm der Spitzen sind: den Siphoneen, 
Saprolegnieen, und Verwandten; und in alien irgend groBere Lange erla.ngenden 
Pollenschlauchen. Die alteren hinteren Teile derselben werden endlich vom 
Protoplasma vollig entleert. Nachdem die innere Masse des Protoplasmas sehori 
friiher nach der wachsenden Spitze der fadenformigen Zellen hin sich begab, 
zieht endlich auch der Wandbeleg von der Innenflache der Zellhaut sich zuriick, 
sein Volumen verkleinert, und riickt nach derselben Richtung hin weiter. Altere 
Teile der Paden von Vaiicheria, Saprolegnia, Pilobolus werden so allmahlich 
protoplasmaleer“. 

Aus den zit. Beobachtungen Hgpmeister’s folgt, dafi das ganze 
Plasma der rohrenformigen Zelle, den Wandbeleg inbegriffen, an der 
Spitze sich sammelt, so dab die alteren Teile der Zelle leer bleiben. 
Einen ganz analogen Wachstumsmechanismus stellte Strasburger 
(1882) bei Pollenschlauchen test. Bei Basidioholus wird uberdies 
das an der Spitze angesammelte Plasma durch eine Querwand ab- 
getrennt. Der plasmaleere Teil des Fadens scheint dadurch in eine 
Reihe leerer Kammern septiert. Nach der Schilderung von 
Raciborski findet dieser Vorgang folgenderweise statt : 

„Unter Wasseraufnahme und VergrdBerung der Vacuolen wird die Zelle bei 
bleibender Dicke immer danger, um nachtraglieh durch Kontraktion des Proto- 
plasmas, Verlassen durch dasselbe des proximalen Endes der Zelle, unter Flussig-^ 
keitaustritt aus der Zelle und entsprechender Verkleinerung des Vacuolenraumes 
kiirzer zu werden. Nach der Kontraktion wird das kontrahierte Plasma durch 
eine neugebildete Querwand von dem leer bleibenden basalen Raum der Zelle 
abgetrennt“ (1907, S. 902). 

Der Plasmahaut entledigt kommt die Vacuole aus dem leeren 
basalen Teil der Zelle notwendigerweise in Beruhrung mit der Aufiem 
welt und gibt ihren Inhalt ab. 

„W’ird die basale Vacuole der wachsenden BasidioholuszeWe sehr groB, ihr' 
wandstandiger Plasmabeleg sehr diinn, so zieht sich derselbe zu eineni oder zu 
einigen sehr diinnen und langen Strangen zusammen, welehe durch die Haupt- 
niasse des Protoplasmas eingezogen werden. Schon vor der Systole sind diese 
Strange als dichtere Rippen auf dem ganz diinnen Plasmabeleg sichtbar, und zp 
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diesen Rippen zieht sich der diinne Plasmabeleg wahrend der Systole zuriick, 
wobei die Zellfiiissigkeit in offene Kommunikation mit der Umgebung tritt“ 
(Raciborski, 1907, S. 920). 

Wie aus dieser Darstellung folgt, verlafit auch bei Basidiobolus 
ahnlich wie in den von Hofmeister angefiihrten Fallen das ganze 
Plasma den Wandbeleg inbegriffen, den Basalteil der Zelle. Das 
Schrittwachstum von Basidiobolus beruht somit auf einer rhythmi- 
schen Diastole und Systole des Plasmas, welches sich von den leeren 
Kammern, die es friiher einnahm, diirch Querwande abgrenzt. 

KtiSTER betont (1935, S. 565), dab das Schrittwachstum der Zelle 
im Pflanzenreich viel mehr yerbreitet, wenn auch noch unvollkommen 
erforscht ist. In diesem Sinne diirfen nach Kuster’s Ansicht die 
Angaben Pringsheims (1873) und Ppitzers (1872) iiber das 
Wachstum bei Achlya, die Angaben Kniep’s (1928) tiber Phyllo- 
bium, Wieben’s tiber Taphrina und Laibach’s iiber Ustilago gedeutet 
werden. Was den Mechanismus des Schrittwachstums anbelangt, 
vertritt KtiSTER dieselbe Meinung wie Hofmeister und Raciborski 
tt.zw., dab das ganze Plasma sich an der Spihze der Zelle sammelt, 
wahrend der Rest des Fadens leer bleibt. tiber die Untersuchungen 
Wieben’s schreibt Euster: „Wenn der Schlauch mehrere „Zellen“ 
abgegliedert hat, so enthalt er immer noch nur ein Kernpaar“ . . . . , 
wobei 6r das Wort „Zellen“ mit Anftihrungszeichen versieht. Weiters 
bemerkt KtiSTER „die anderen Kammern sind leer und die sie tren- 
nenden Wande sind offenbar dadurch entstanden, dab das Protopla'sma 
sich in akropetaler Richtung zusammengezogen und die alteren 
Strecken der Hyphe leer zurtickgelassen hat“. Auch Laibach nimmt ' 
in dieser Angelegenheit eine deutliche Stellung ein: „Stets befindet 
sich der gesamte Plasmainhalt beider Sporidien an der Spitze des 
Schlauches und kammert sich immer wieder gegen den leeren Teil ab, 
so dab dieser deutlich und ziemlich regelmabig septiert erscheint“ 
(S. 343). 

Diese Auffassung tiber den Mechanismus des Schrittwachstums 
beeinflubte in starkem Grade die Entwicklung unserer Anschauungen 
iiber den Mechanismus des Membranwachstums .wahrend des Zellen- 
wachstums. Da wahrend der Diastole und der Systole sowie wahrend 
der Vacuolenbildung und der Wasserausscheidung der Faden fort- 
dauernd in die Lange wachst (Raciborski), mubte notwendigerweise 
angenommen werden, dab der osmotische Druck, entgegen gewissen 
Behaitptungen, ftir die Membranwachstum keinesfalls unbedingt 
notwendig ist. Das Schrittwachstum der Zellen von Basidiobolm gilt 
daher, in der botanischen Literatur als klassisches Beispiel ftir 
Membranwachstum ohne Anteilnahme des osmotischen Turgors 
(KtiSTER, 1935, S. 446). 
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Walirend unserer Untersuchimgen iiber sind wir 

indessen auf Erscheinungen gestossen, die uns zu einer anderen 
3tellimgnahme in dieser Frage verankfiten. Auf Grund einer Reihe 
von Beobachtungen konnten wir uns tiberzeugen, dal5 in den ab- 
gegrenzten Kammern iminer ein deutlicher, manchmal recht dicker 
Wandbeleg zuriickbleibt, dafi wir somit in diesem Falle, entgegen den 
bisherigen Anschauungen, mit einer gewohnlicben Abtrennung 
plasmaarmer, kernloser Zellen zu tun haben. Nachfolgend fiihren 
wir einige experimentelle Beweise fiir unsere Ansicbt an. 


a. Plasmolyse 

; Als Plasmolysierungsmittel wendeten wir 30% Glukoselosung 
bzw. hypertonische Saccharose- und ENOa-Losungen . an. In alien 
Zellen erfolgt eine typische Plasmolyse, die meistens die Form der 
WBBBR’schen Konkavplasmolyse annimmt. Biese Form der Plasmo- 
lyse ist fiir die „leeren“ Zellen 
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charakteristisch. Schon das 
Plasmolysierungsverfahren al- 
lein geniigt um die Anwesen- 
heit einer Plasmahaut in den 
Zellen, die bisher als leere 
Kammern galten, nachzuwei- 
sen. Selbst in sehr langen 
Hyphen lafit sich das Plasma 
mittels Plasmolyse in alien 
Zellen nachweisen. Es ist nicht 
nur in demjenigen Teil des 
Fadens, der der Terminalzelle 
am nachsten liegt, sondern 
auch in den weiter liegenden 

Abb. 1. a. Plasmolyse kern- Zellen vorhanden. Wahrend 
loser beim Scbnttwach- _ ^ 

stum abgegliederter Zel- ^er Plasmolyse erfahren die 

len. b. Tonoplasten in den Faden oft eine Drehung, die 
kernlosen Zellen nach der ^ n • t-, t i 

Deplasmolyse. c. Proto- keinesfalls eine Folge der 

plasmazerfall in der Ter- Drehung der Terminalzelle ist, 

mmalzelle nach der Plas- von zwei iibereinander lie- 
molyse und Deplasmolyse. 

^ ^ d. Blasehen (wandernde genden „leeren‘' Zellen die 

, . „ Vacuolen Kuster’s?) in proximale unverandert bleiben 

Zelle (d) nach der Deplasmolyse. ^ann, wahrend die entferntere 

bereits eine Drehung erfahrt. 

Die plasmaarmen Zellen verbleiben in dem auf Abb. la dargestell- 
ten Zustande nicht lange. Sehr rasch erfolgt die weitere Abschniirung 
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des von der Wand losgelosten Protoplasmas und der Zerfall des ganzen 
Plasmaschlauches auf einige Topoplasten, die im Bereiche der Zell- 
membran zu liegen kommen (Abb. lb), Der Zerfall erfolgt in der 
Regel nacb jeder Deplasmolyse. Nach jedem Plasmolysierungs- 
verfahren treten in alien plasmaarmen Zellen mehrere oder wenigere, 
grobere und kleinere Tonoplasten auf. Auch in den Terminalzellen 
zerfallt der Protoplast in einzelne Stiicke (Abb. Ic). Auf mancben 
Tonoplasten tritt an den Enden eine dickere Plasmascbicht auf (Abb. 
16). : 

In alteren, mehrere Monate alten Kulturen lafit sich mittels 
Plasmolyse nicht immer ein typischer Plasmaschlauch, wie auf Fig. Iqt, 
nachweisen, Dagegen tritt hier eine andere interessante Erscheinung 
auf. Unter der Einwirkung der Plasmolyse kommen auf der Innen^ 
seite der Membran kleine Blaschen zum.Vorschein, die sieh bewegen, 
wachsen und fortwahrend ihre Form andern (Abb. Id) . Sie erihnern 
sehr stark an die „wandernden Vacuolen” von Kuster (1932, vgl. 
auch 1935). Die Blaschen losen sich von der Membran los; nach 
starkerer Plasmolyse und Deplasmolyse erhalten wir in der Zelle 
einen ganzen Schwarm derartiger winziger, in BROWNscher Bewe- 
bung begriffener, Blaschen (Abb. le). 

b. Vitalfarbung 

Vitalfarbung mit „basischen“ Azinfarbstotfen ergibt kein nen- 
nenswertes Resultat, da die intensiv wachsenden Zellen in der Regel 
eine Entfarbung erfahren (Becker u. Skupienski). Wahrend aber 
in den Terminalzellen unter Beihilfe eines 
traumatischen Reizes die Vacuolen sich um- 
kehrbar farben, lassen, gelingt dieser Ver- 
such in den plasmaarmen Zellen fast niemals. 

Neutralrot und ahnliche Farbstoffe farben 
hier momentan eine Reihe winziger, im 
Wandbeleg bzw. in den Plasmafaden liegender 
Kornchen (Abb. 2a) . Uberdies farbt sich 
hier vor allem die Zellmembran. 

Die geschilderten Ergebnisse stehen in 
keinem Widerspruch mit unserer These von 
der Gegenwart einer Plasmahaut unter der 
Zellmembran, da der Umstand, dab der Zell- 
saft mit Vacuolarfarbstoffen sich nicht farbt, 2 ^ Kornehenfar- 

keinesfalls als Beweis des Fehlens einer bung im wan dstan digen 
typischen Vacuole angesehen werden kann. Plasma (Neutralrot). h-c: 
Strugger (1935) wies nach, dab Neutralrot 
bei saurer Reaktion eben die Zellmembran Text. 
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farbt, die Vacuolen dagegen nicht farbt. Der Umstand, dafi aucb bier 
vor allem die Zellmembran sich farbt, darf als Bestatigung der Strug- 
GER’schen Beobachtungen angesehen werden, da Basidiobolm wahrend 
seiner Entwicklung das Milieu ansauert (Becker u. Skupienski) . 
Andererseits ist die Tatsache beachtenswert, da 6 in dem plasma- 
tischen Wandbeleg der Farbstoif in Form von Kornchen ausgefallt 
wird, was wahrscheinlich irgendwelchen besonderen Eigenschaften 
des Wandbelegs zuzuschreiben ist, der in gewisse Keaktion mit dem 
Farbstoif eingeht. Gicklhorn (1929) stellte fest, dafi wenn im 
Plasma „somatoide Kristalle“ sich farben, die Vacuole sich vital nicht 
farbt. Auch im Laufe der Desintegration des mit Neutralrot ge- 
farbten Protoplasten von Allium treten im wandstandigen Plasma 
rotgefarbte Kugeln und strauchartige Bildungen auf, worauf die 
Vacuole allmahlich sich entfarbt (Becker u. Beckerowa, 1934) . 

Mit plasmolysierten und tonoplastenhaltigen (Abb. 16) Zellen 
ergibt die Vitalfarbung ebenfalls kein nennenswertes Resultat. Der 
Inhalt der Tonoplasten farbt sich nicht, nur die Zellmembran. In 
einigen Ausnahmsf alien farbte sich mit Neutralrot auch der Inhalt 
des Tonoplasten. Binnen kurzem verschwindet jedoch der Farbstoif 
rasch aus dem Terrain der Vacuole und wird in Form blutroter 
Kugeln unter der Oberiiache des Tonoplasten ausgefMlt (Abb. 26-c). 
Diese Beobachtungen bilden eine vortreffliche Erganzung und Er- 
klarung der Tatsache, dafi im Cytoplasma kleine Kornchen sich 
farben. 

Zusammenfassend stellen wir fest, dafi obwohl die Vitalfarbung 
die Anwesenheit typischer Vacuolen in den ,,leeren“ Zellen nicht 
ergab, dies unserer These von der Gegenwart einer Plasmahaut unter 
der Zellmembran nicht widerspricht. Ja, die Vitalfarbung scheint 
dafiir zu sprechen, dafi der in den ,,leeren“ Zellen zuriickgebliebene 
Wandbeleg gewisse spezielle Eigenschaften besitzt, da er sehr leicht 
in naher unbekannte Verbindungen mit dem Vitalfarbstoif eingeht. 
Der gemeinsam mit Dr. F. X. Skupienski unternommene Versuch 
Basidiob olios auf Nahrldsungen, die sauren Farbstoife enthalten, zu 
Ziehen ergab ebenfalls kein deutliches Resultat. Eosin und Erythrosin 
scheinen jedoch in den „leeren“ Zellen die Zentral vacuole zu farben. 

c. Mikrodissektion 

Die Mikrodissektion von Basidiobolus fuhrten wir mit dem 
P^TERFl’schen Mikromanipulator unter Zuhilfenahme hackenformiger 
Nadeln aus. Das Objekt war entweder auf einer Agar-Unterlage 
befestigt, bzw. lag direkt in einem hangenden Tropfen. 

Wenn man irgendeine „leere“ Zelle mit der Nadel des Mikro- 
manipulators ansticht, erfolgt in den benachbarten Zellen eine 
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charakteristische Einhohlung der Zellmembranen nach innen, was 
auf das Vorhandensein eines Turgorunterschiedes zwischen den ver- 
letzten und normalen Elementen hinweist (Abb. Za,). Mit zwei 
Nadeln manipulierend kann man die Terminalzelle vom Faden ab- 
trennen ; die Basalwand der Terminalzelle hohlt sich in diesem Falle 
nach aufien aus (Abb. 3&). Nicht so leicht 


gelingt die Isolierung einer „leeren“ Zelle; 
auch in diesem. Falle erfahren die Quer- 
wande eine ahnliche Aushohlung (Abb. 3c). 
Aus den erwahnten mikrochiriirgischen 
Beobachtungen folgt, dab die plasmaarmen 
Zellen, die bisher als leere Kammern galten, 
durch eine gewisse Turgeszenz sich aiis- 
zeichnen. Aufier den geschilderten experi- 
mentellen Beweisen fiir die Anwesenheit 
plasmatischer Hautchen in den beim 
Schrittwachstum abgegliederten Zellen, 



a 

Abb. 3. a. Kernlose Zelle mit der Nadel 
des Mikro manipulators angestoehen. b-c. 
isolierte kernlose Zellen and Terminalzelle. 




Abb. 4. GrdBere, in den 
kernlosen Zellen zuriick- 
gebliebene Plasmastucke. 


konnen die Plasmahautchen auch mittels gewohnlicher Vitalbeobach- 
tung festgestellt werden. Von besonderer Beweiskraft sind diejenigen 
AusnahmsfMe, wO' grofiere Mengen von Plasma zuriickbleiben. Einen 
derartigen Faden wiedergibt die schematische Abb. 4. 

Wenn in der kernlosen Zelle eine grobere Menge Plasma zuriick- 
bleibt, verschwindet immer der kornige braime Inhalt desselben 
(Glykogen nach BaciboRSKI) nach kurzer Zeit und verwandelt sich 
in eine strukturlose, hyaline Masse, die meistens mit dem Wandbeleg 
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zusammenflieOt. Auf den ersten Blick scheint eine derartige Zelle 
frei von Plasma, erst bei naherer Untersuchung kommt der hyalo- 
plasmatische Wandbeleg zum Vorschein. 

In Anbetracht der geschilderten Tatsaclien rniissen wir imsere 
Anschauungen iiber das Wesen des Schrittwachstums, wenigstens was 
Basidiobolus anbelangt, einer Eevision unterzieben. Im Lichte der 
geschilderten Ergebnisse erweist sich das Schrittwachstiim als Ab- 
gliederungsprozefi kernloser, plasmaarmer Zellen. Wir konnen 
diesen Prozefi mit der letztens von Kuster (1936) gesehilder- 
ten Bildung von kernlosen Zellen bei Pldgiospermum u, anderen 
Organismen vergleichen. Der Unterschied besteht einzig darin, dafi 
in dem von Kuster geschilderten Falle die Kontraktion und Ver- 
lagerung des Plasmas mit dem Wachstum der Zelle nicht verkniipft 
sind. Freilich la6t sich auch bei Basidiobolus das Wachstum des 
Fadens experimentell unterbrechen, ohne dafi dabei die Kontraktion 
und Verlagerung des Plasmas und die Abgliederung der kernlosen 
Zellen gestort wird (Becker u. Skupienski) . 

Die Mikrodissektion und die Plasmolyse bewiesen, dafi die kern- 
losen, plasmaarmen Zellen eine gewisse Turgeszenz aufweisen. Die 
Richtigkeit derjenigen Anschauungen, die das Schrittwachstum von 
Basidiobolus als Beispiel fur Wachstum ohne Anteilnahme des Turgors 
angeben, mu6 demnach bezweifelt werden. Das Austreten des Was- 
sers aus der basalen Vacuole, nach der Auswanderung des Plasmas 
in den Terminalteil des Fadens, ist gar nicht so offensichtlich, wie 
Raciborski es darzustellen versucht. Wir rniissen immerhin damit 
rechnen, dafi das an der Membran zuriickbleibende Cytoplasma andere 
Eigenschaften als die Plasmahaut in der Terminalzelle besitzen kann 
(vgl. Vitalfarbung) . KtiSTER (1929) behandelt charakteristischer- 
weise das Schrittwachstum im Kapitel „Anomale Plasmolysen“. Be- 
kanntlich erfahren bei der Plasmolyse die oberfiachlichen Schichten 
des Protoplasmas eine Zerreifiung (vgl. Plasmoschise) und die an 
der Membran zuriickbleibenden Plasmastiicke weisen bereits ganz 
andere Eigenschaften auf. Es ist daher nicht ausgeschlossen, dafi 
auch wahrend der Systole bei Basidiobolus in der plasmatischen Haut, 
die an der Membran zuriickbleibt, weitgehende Veranderungen statt- 
finden u.a. auch Anderungen in der Durchlassigkeit. Ich bin aller- 
dings weit davon entfernt zu behaupten, dafi der Zellsaft von der 
Plasmahaut ganz befreit, sich ganz bestimmt mit der Umgebung 
vereinigt. 

Die hier erorterten Fragen kniipfen an derartige Problems wie 
die Oosporenbildung oder Zoosporenbildung hei Saprolegnia an. Das 



Terrain der Sporenbildung liegt im Oogonium bzw. Zoosporangiiim, 
gleich unter der Membran; das Plasma kontrahiert sich allmahlicb 
und sammelt sicb auf dem Terrain der Sporen an, Berthold glaubte 
(1886) , dab der zwischen den Sporenanlagen liegende Wandbeleg 
sich langsam, in deni Mabe als die Sporen gebildet werden,, von der 
Membran lostrennt. Auf Grund der Beobachtungen Rothert’s 
(1890) und der eigenen (Becker> 1934) kann ich jedoch feststellen, 
dab der Wandbeleg -wahrend der ganzen Zeit der Sporenbildung im 
Oogonium zuruckbleibt und, dab erst kurz nach Abschlub der Kon- 
traktion der Wandbeleg momentan auseinanderreibt, so dab der im 
Oogonium befindliche Saft herausfliebt. Dieser Vorgang labt sich. 
am besten an vitalgefarbten Oogonien beobachten (Becker, 1934) . 
Ahnliche Zellsaftausscheidungen beobachteten Berthold, Hartog 
und Rothert in den Zoosporarigien von Saprolegnia. Die in der 
Kultur vorhandehen Bakterien sammeln sich dann rings eines derar- 
tigen Zoosporangiums an. Hartog (1887) stellte fest, dab wahrend 
der Zoosporenentwicklun^ ein Moment eintritt, wo das Plasma plotz- 
lich mit Eosin sich farbt, obwohl es bishef sich nicht gefarbt hat. 
Hartog nimmt ebenso wie Berthold an, dab in diesem eben Momente 
die Hautschicht, die das Zoosporangium auskleidet, zugrunde geht. 
In den weiteren Erorterilngen gelangt Hartog zu dem Schlusse, dab 
spater sowohl die Hautschicht, wie die Vacuolenwand sich de novo 
bilden. Rothert, der Hartog's Untersuchungen uberpriifte, be- 
statigte indessen Hartog’s Beobachtungen nicht. Rothert behauptet,, 
dab kein Grund vorliegt um das vollstandige Verschwinden der 
Hautschicht anzunehmen, wie Hartog und Berthold es tun. Es 
geniigt eine lokale Zerreifiung des Wandbelegs, damit 
der Ausflufi des Zellsaftes und die durch Hartog ge- 
schilderte Earbung eintreten. 

Die Ansicht Rothert’s scheint uns vollkommen berechtigt, Eine 
Bekraftigung seiner Ansicht diirfte Rothert in den letzten Studien 
Kuster’s liber das Auftreten von Lbchern im Protoplasma von 
Codium finden. Aus allem dem folgt, dab obwohl Raciborski gar 
keine konkreten Beweise fiir das Austreten des Saftes aus der Vacuole 
der „leeren'‘ Zellen von Basidiobolus anfiihrt, wir mit dieser Moglich- 
keit dennoch rechnen miissen. Freilich kann der Ausfiub des Zell- 
saftes auch nach der Abgliederung der Terminalzelle eintreten, ahn- 
lich wie in den Oogonien von Saprolegnia, wo er oft erst nach der 
Kontraktion der Sporen erfolgt. 

Wie daraus zu ersehen, ist die Prage, ob das Wachstum von 
Basidiobolus ohne Anteilnahme des osmotischen Turgors oder mit 
dessen Anteil erfolgt, gar nicht so einfach und kann angesichts des 
gegenwartigen Standee der Dinge nicht mit voller Bestimmtheit 
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beantwortet werden. Meiner Meinung nach hangt es ganz vom Zufall 
ab, ob die Plasmahaut unverletzt bleibt oder an gewissen Stellen 
zerreifJt. Beim Schrittwaehstum sind vielleicM hie imd da beide 
Eventualitaten moglich. Was unsere eigene Beobachtungen an- 
betrifft, so konnten wir, obwohl wir die mit Bakterien verunreinigten 
Kulturen genau iiberpruften, eine Ansammlung der Bakterien rings 
urn die Basalvacuole nicht beobachten. Vitalfarbungen ergeben 
ebenfalls — wie wir gesehen haben — kein klares Resultat. Es bestehen 
daher gar keine experimentellen Beweise dafiir, dafi der Zellsaft der 
„leeren“ Zellen bzw. der Basalvacuole nach aufien austritt. Immerhin 
rechnen wir auch niit dieser Moglichkeit und nehmen an, da6 un- 
verletzte Plasmahautchen, wie auf Abb. 1 dargestellten, manchmal 
sekundar nach der Restitution der Liicken und Locher entstehen 
kdnnen. Die Moglichkeit einer derartigen Restitution bei den 
Siphoneen wird von Kuster angenommen (1933, 45; naheres tiber 
diese Frage s. KiiSTER 1933 u. 1935). 

Das Vorhandensein eines stabilen osnaotischen Druckes wahrend 
des Wachstums von Basidiobolus ist in Anbetracht dessen, dafi beim 
Membranwachstum vor allem der Kolloidaldruck des Plasmas die 
Hauptrolle spielen kann, vielleicht sogar von zweitrangiger Bedeu- 
timg (Lit. vgl. Heyn, 1931 und Struggeb, 1934) . 

Wenn auch unsere eigenen Beobachtungen uns ein sicheres Urteil 
in der bertihrten Frage nicht gestatten, ist die Feststellung der Gegen- 
wart des Plasmas in den „leeren“ Zellen fiir gewisse Erscheinungen 
des Membranwachstums nicht ganz ohne Bedeutung. Ich denke dabei 
vor allem an das Wachstum und die Differ enzierung des Exospors in 
den Makrosporen von Selaginella, welche seit Fitting als' klassisches 
Beispiel fiir Membranbildung und Membranwachstum ohne Teilnahme 
des Plasmas bekannt sind (Tischler, 1934; Kuster, 1935) . 

Die Plasmakontraktion in den Makrosporen von Selaginelld ist 
hinsichtlich ihres Mechanismus sicherlich der Plasmakontraktion in; 
den BasidiobolMS-'F&den ahnlich. Wir machten bereits friiher darauf; 
aufmerksam, dafi man bei Basidiobolus das Wachstum des Fadens 
aufhalten kann, ohne dafi dabei die Plasmakontraktion und die Ab- 
gliederung der „leeren“ Zellen unterbrochen. wird (Becker u. 
SKUPlEisrSKi) . Ich bin geneigt anzimehmen, dafi auch in den Makro-. 
sporen von Selaginella neben dem Exosporium ein Wandbeleg 
zuriickbleibt, der spater die Wachstums- und Entwicklungsprozesse. 
dieser Membran leitet. Nahere Dntersuchungen in dieser Hinsicht; 
waren jedoch erwiinscht. 

Es bleibt zu fragen, wieso es moglich war, dafi Raciborski, der 
das Schrittwaehstum von Basidiobolus sO' genau verfolgte, die An- 
wesenheil des Plasmas in den abgegliederten Zellen iibersah, trotzdem: 
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es sogar mit schwachen Objektiven sich leicht feststell'en laflt. In 
Gesprachen mit den gewesenen Assistenten und Mitarbeitern von 
RACIB.ORSKI, den Herrn Prof. Dr. J. Koeodziejczyk und Oberst Dr. 
T. Rozycki, erfuhr ich, dafi Raciborski in den spateren Jahren .sicli 
der Unzulanglichkeit seiner Beobachtungen in diesem Falle bewufit 
war, und wiederholt seiner Meinung Ausdruck gab, da6 das Schritt- 
wachstum noch eine nahere Analyse erfordert. Leider erlaubte der 
fruhzeitige Tod diesem genialen Botaniker nicht seine Arbeit in dieser 
Hinsicht zu Ende zu fiihren. 

. Zusammenfassungr 

Auf Grund der Untersuchungen iiber das Schrittwachstum von 
Basidiobolus ranarum wurde festgestellt, da 6 das Schrittwachstum 
auf einer rhythmischen Kontraktion des Plasmas in dem Terminalteil 
der Hyphe und der Abgliederung kernlose r, plasmaarmer 
Zellen beruht. Es wurde auf andere Falle ahnlicher Plasma- 
kontraktion, sowie auf die Moglichkeit des Zuriickbleibens diinner 
Hyaloplasmaschichten an der verlassenen Membran hingewiesen. 
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Relationship Between Various Chromosomal Changes 
in Drosophila melamgaster 
By 

M, Demerec 

Carnegie Institution of Washington, Cold Spring Harbor, 

N. Y., U.S. A. 

In order to understand the mechanism instrumental in producing 
various genetic changes such as gene mutations, lethals, inversions, 
and translocations it is essential to have a knowledge of the interrela- 
tionship of these changes. It is particularly important to know 
whether or not any of them occur simultaneously and if they do, 
the frequency with which they occur. Coincident occurrence of 
certain changes would place the responsibility for their origin on 
the same mechanism and would simplify the problem if such coinci- 
dence were found to be a rule. 

In the course of our studies of various genetic changes an ex- 
tensive collection of small deficiencies, gene mutations, transloca- 
tions, and inversions has been accumulated. This material has been 
studied cytologically and genetically and the results of these studies 
will be reported here. 

By X-ray treatment a number of lethal and visible changes were 
induced in various X-chromosome loci. To detect these changes 
females carrying several recessive characters were mated with treated 
males. If any character carried by their mothers appeared in the 
Fi females this indicated that a change in that particular locus was 
induced by the treatment. Thus, if ec ct v g f females were mated 
with -1- treated males, the appearance of ct in one of the Fi f emales 
would indicate that a change in ct was produced in the sperm of a 
treated male* All lethal changes obtained in the loci selected for 
observation were kept in stocks but only a few of the visible changes 
were saved. This material has been collected from experiments con- 
ducted since 1933. The dosage in various treatments varied between 
2500 and 3000 r-units. 

In this manner a collection of about 80 lethals affecting visible 
loci of the X-chromosomes has been accumulated. Salivary chromo- 
somes of 61 of these lethals and of 15 visibles obtained in the same 
experiments were examined for chromosomal aberrations. In cases 
where such an aberration was found it has been determined through 
salivary chromosome analysis whether or not the chromosomal break 
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is located in the region where the lethal or visible change occurred. 
A summary of the results is given in Table 1. It is evident from 
these data that out of a total of 61 lethal cha^ges studied, in 26 or 
42.6 per cent of the cases a chromosomal aberration occurred in the 


Table 1. Summary of data showing the frequency, of coincidence between various 
genetic changes induced by X-ray treatment of about 2500 to 3000 r-units. (C. A. = 
chromosomal aberration ; In = inversion ; T = translocation) 
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same chromosome with the lethal change.- The significant fact 
brought out here is the high degree of coincidence between the two 
types of changes. In cases where both changes occurred in the same 
chromosome, one breakage point of the chromosomal aberration co- 
incided with the region where the lethal change took place in 92.3 
per cent of the times. This extremely high coincidence shows that 
the same mechanism must be responsible for the origin of both types 
of changes, viz. of lethals and chromosomal aberrations, at least in 
eases where they occurred together. 
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The situation seems to be different in the case of visible changes. 
These changes were accumulated in the same or similar experiments 
as lethal changes. The X-ray dosage applied in producing these 
changes was similar to that used in producing lethals. Only one out 
of the 30 visibles investigated carried a chromosomal aberration 
(Table 1) . In this one case, moreover, neither of the breakage points 
of the aberration coincided with the visible change. In 15 of these 
cases the analysis was made by studying salivary chromosomes and 
in the other 15 cases by the genetic method of linkage relation studies. 

A similar relationship between induced lethals and chromosomal 
aberrations is indicated in the results of another experiment in which 
100 treated sperms, taken at random, were tested for various changes. 
The wild-type males were treated with about 2500 r-units arid mated 
to sc ec cv ct V g f females which carried markers almost throughout 
the whole length of the X-chromosome. Aberrations involving the 
X-chfomosome were ideritified through reduction in crossing-over and 
lethals were identified through non-appearance of wild-type males. 
The following results were obtained: 


Total number of tests 100 

Lethals 11 

Lethals and chromosomal aberrations 5 

Chromosomal aberrations .... 5 

Visible changes 2 


In this experiment, also, a lethal change and a chromosomal 
aberration occurred in the same chromosome in a high proportion 
of cases. Though the cytological studies have not been made, it is 
justifiable to assume in this case that a large proportion of these 
changes coincided. 

When this evidence became available it was interesting to find 
out the frequency of chromosomal aberration among spontaneous 
lethals. In order to do that, 45 spontaneous lethals occurring in 
males of various wild type stocks were collected by the CIB method. 
During this work it . was discovered that the Florida wild stock car- 
ried a recessive factor in the second chromosome which increases 
the natural rate of mutability in this stock (Demerec, 1937). This 
factor is effective early in the embryonic development, and thus if 
a lethal originates in its presence in a male, several sperms will carry 
it. In routine tests such a lethal change may be counted as several 
lethals. Special precautions were taken to be sure that all lethals 
used in these tests were of independent origin. The results of genetic 
tests show that none of the 45 spontaneous lethals were conriected 
with chromosomal aberrations. Oliver (1932) made a similar study 
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Table 2. Frequency of chromosomal abnormalities (C. A.) among lethals obtained 
from treatments with different X-ray dosages 
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Table 3. Oliver’s (1932) data on the frequency of various kinds of lethals induced by 
X-rays. (C. A. = Chromosomal aberration) 


data are given on the frequency of chromosomal aberrations in the 
material treated with different dosages, Although there is a diS'^ 
crepancy in the per cent of aberrations obtained by Oliver and those 
obtained in my experiments, it is evident from the data that the 
frequency of chromosomal aberrations increases rapidly with the 
increased dosage. 

A large amount of data is available showing the relation between 
the X-ray dosage and the frequency of lethals. In only one case 
(Oliver 1932) were these lethals studied further and the proportion 
of chromosomal abnormalities occurring among them was determined. 
Oliver’s data are given in Table 3 and shown graphically in figure 1, 


with 10 spontaneous lethals and Sakharov (1936) with lethals. 
They obtained the same results. Thus tests are available for 80 
spontaneous lethals showing no chromosomal aberration coincident 
with the lethal change. 

Available data show that spontaneous lethals are independent of 
chromosomal aberrations while the lethals induced by X-ray treat- 
ment are frequently connected with chromosome breaks. In Table 2 
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It is evident from Percent jq 
these data that 

the dosage-fre- total 

.quency curve for 

all lethals is a 

straight line. '<>- 

Such a curve, 

.however, slopes 5. 

down for lethals 

without chromo- , , ■ . 

somal aberrations oosagfe- r units 1000 2000 soao aooo 5000 6000 

and slopes up for Fig. 1 . Curves showing incidence of chromosomal aberrations 
lethals with chro- X-chromosome lethals induced by various X-ray 

dosages. (Oliver’s data, 1932,i. 

mosomal aberra- 
tions. The significance of this . observation will be discussed later. 

Random lethals dealt with in all experiments on the mutation 
frequency have not been investigated cytologically and it is not 
directly known whether or not they are deficiencies. There is ample 
evidence, however, to show that lethals affecting known loci are 
deficiencies. We studied cytologically lethals affecting the following 
loci : yellow-achaete, prune, white, facet, cut, tan, lozenge, vermilion, 
miniature, dusky, wavy, sable, garnet, tiny, forked and beadex. In 
every case they were found to be deficiencies and, moreover, mostly 
deficiencies for more than one salivary band, and presumably for 
more than one locus. It seems justifiable to assume that random 
lethals are similar to lethals of visible loci, and that they are also 
deficiencies. There is no doubt that among random lethals there are 
many which affect visible loci but they have not been detected as 
such since special tests are required to do that. Estimates on the 
number of loci per chromosome supported by counts of salivary 
chromosome bands indicate that there are at least ten times as many 
loci in the X-chromosome as there are known visible changes. It is 
undoubtedly true that some of these as yet unknown loci will be 
identified after more new mutations are found. Since new mutations 
are becoming scarcer and scarcer, in spite of greatly enlarged work 
with Drosophila, it seems very probable that there are many loci in 
which changes (mutations) show no visible morphological effect. If 
the estimate of the total number of loci is correct, it appears probable 
that the majority of loci are of a phenotypically non-detectable type. 
It is equally probable that deficiencies of some of these loci will have 
a lethal effect, The groups of random lethals, therefore, may be com^ 
posed, in part, of deficiencies affecting visible loci and, in a larger 
part, of deficiencies affecting non-detectable loci. There might be 
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some lethals, however, which are not due to deficiencies but to gene 
changes having a lethal effect. The relative proportion of these two 
types of lethals will have to be determined through study of salivary 
chromosomes. This is a laborious process, especially when dealing 
with deficiencies affecting very fine bands. 

In a recent paper, Sakharov (1936) states that he examined 
salivary chromosomes of heterozygous females of 25 X-chromosome 
lethals without finidng any deficiencies. A similar work is being 
carried on at this laboratory by Dr. B. Slizynski with results different 
from those obtained by Sakharov. Of 13 spontaneous lethals which 
have been carefully studied, at least half have detectable deficiencies. 
This work is still in. progress- Evidence obtained so far is in favor 
of the contention outlined above. 

Discussion 

From the data presented in this paper it is evident that when 
a lethal and a chromosomal aberration occur in the same chromo- 
some, one breakage point of the chromosomal aberration is at the 
place where the lethal change is located in a great majority of cases 
(92 per cent) . Since such a coincidence cannot be expected if these 
two changes were occurring at random, it is evident that both of 
them must be induced by the same mechanism. 

The data are also ample to show that chromosomal aberrations 
do not occur with equal frequency among lethals induced by different 
factors. No chromosomal aberration was found among 80 spontaneous 
lethals studied by Oliver (1932), Sakharov (1936), and myself, while 
almost fifty per cent of these induced by the 3000 r-units X-ray treat- 
ment carried chromosomal aberrations. The frequency of these aber- 
rations increases with the X-ray dosage applied. All lethals are not 
connected with chromosomal aberrations, nor do all chromosomal 
aberrations carry lethals even at higher dosages. 

What is the mechanism which can account for such conditions? 
There is nO' doubt about the interrelation of these two types of 
changes, but at the same time there cannot be any doubt that the 
type of change responsible for the lethal effect may occur indepen- 
dently of a chromosomal aberration. Is there any certainty that the 
opposite is true? In order to give a plausible answer to this question 
it is necessary to consider the problem of lethal changes. It has been 
pointed out earlier that the majority of lethals are probably deficien- 
cies. If that assumption is taken for granted, then the statement 
made previously may be restated as follows : deficiencies frequently 
coincide with chromosomai aberrations. Since our methods for 
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determining chromosomal aberrations are reliable, it can be stated 
with certainty that a deficiency may occur without a chromosomal 
aberration. Such an independence in origin, however, may not hold 
true for chromosomal aberrations since they may regularly be con- 
nected with deficiencies undetectable by our ordinary methods. It 
has been shown (Demerec and Hoover, 1936) that a homozygous 
deficiency affecting as many as four bands may be viable and show 
no morphological effect on the organism. Such a viable deficiency 
can be detected in salivary chromosomes only. If it affects one light 
band or a few of them and is, in addition, connected with a chromo- 
somal abnormality, it may be physically impossible with methods 
available at present to detect it at all. The possibility is not excluded, 
therefore, that such chromosomal aberrations as inversions and trans- 
locations not showing a lethal effect are connected with short 
deficiencies at their breakage points. 

Let us now see if it would be of any help toward the solution of 
our problem if an assumption were made that chromosomal breakages 
are usually connected with deficiencies. It must be made clear at 
this point that I am considering here small deficiencies affecting only 
a few bands, and that as a rule such deficiencies, when they affect 
more than one band, are produced by some sort of block change. Such 
a block change is no doubt produced regularly through a chemical 
process, though the possibility is not excluded that it may be some- 
times produced by the pinching out of a small section of a chromo- 
some. If we assume that breakages, as a rule, are connected with 
small deficiencies, it would seem probable that these deficiencies might 
be responsible for the breakages, viz. at a spot where such a defi- 
ciency is produced a chromosome is either regularly or frequently 
broken. Because of the attraction between broken parts, broken 
chromosomes have a tendency to unite again thus showing a defi- 
ciency only. If, however, breaks should occur at more than one place 
in a chromosomal complex, subsequent fusion of broken ends may 
produce various chromosomal aberrations such as inversions if two 
breaks should occur in the same chromosome, and translocations if 
they should occur in different chromosomes. It would be expected 
then, that when the frequency of deficiencies is low they would not 
be connected with chromosomal aberrations) and the proportion of 
aberrations would increase with an increase in the frequency of 
deficiencies. This interpretation agrees with the observed facts. 

None of the recessive visible gene mutations (induced by the 
same treatment which produced among lethals about 40 per cent of 
chromosomal aberrations) was connected with chromosomal aberra- 
tions. This suggests that visible gene mutations are different from 
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lethals. It makes it probable, also, that gene mutations, rather than 
gene deficiencies, are responsible for the majority of recessive visible 
changes. 

Summary 

From a total of 61 lethals affecting known loci of the X-chromo- 
some, and induced by X-ray treatment of 2500 to 3000 r-units, 26 or 
42.6 per cent had chromosomal aberrations such as inversions and 
translocations. In 92.3 per cent of cases one breakage point of the 
chromosomal aberration coincided with the region where the lethal 
change took place. 

Of 30 visible mutations induced by a similar treatment only one 
carried a chromosomal aberration. This, however, did not coincide 
with the region where visible change took place. 

Data available on 80 spontaneous lethals show that none was 
connected with either an inversion or a translocation. Among lethals 
induced by X-ray treatment, the frequency of such chromosomal aber- 
rations increases with the increase of dosage. 

It has been determined by salivary chromosome studies that all 
investigated lethals affecting known loci are minute deficiencies. It 
is suggested that either all or a great majority of random lethals are 
also deficiencies, and that some of the small deficiencies may not have 
a lethal effect. 

Coincidence between a breakage point of a chromosomal aberra- 
tion and the place where a deficiency has occurred indicates that 
these two processes may be induced by the same mechanism. 
Chemical changes producing small deficiencies are responsible for 
breaks in chromosomes. Free ends produced by such breaks have 
a tendency to join again. If the frequency of breaks in a nucleus is 
low, as in case of spontaneous changes, chromosomal rearrangements 
have little chance to occur, but if it is high, as in case of high dosage 
X-ray treatment, the opportunity for the origin of chromosomal 
rearrangements (inversions and translocations) is also high. 
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Uber die Atmungsfarbstoffe von Paramecium 
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Botan. Inst., Kaisarl. Universitat Tokyo und 
Tokugawa Biologisches Institut 


Obwohl die spektroskopischen Untersuchungen tiber die intra- 
zellularen Haminverbindungen, die im Mechanismus der aeroben Zell- 
atmung eine hervorragende Rolle spielen, bereits an mannigfaltigsten 
Organismen sowohl von tierischer als auch von pflanzlicher Herkunft 
mit yiel Erfolg ausgefiihrt worden sind, blieb unsere diesbeziigliche 
Kenntnis bei Urtieren bisher vollstandig in blanko gelassen.’> Diese 
Liicke zu erfiillen war die Aufgabe vorliegender Arbeit, in welcher 
zunachst ein leicht in Masse kiiltivierbares Urtier, Paramecium 
(caudatum~Typ) , als Versuchsobjekt herangezogen wurde. Ganz 
imerwartet standen wir dem Tatbestand gegeniiber, daiS dieser 
Organismus nicht nur einen eigenartigen Cytochromtyp aufweist, 
sondern auch eine ansehnliche Menge vom Hamoglobin enthMt,. 
dessen Anwesenheit zwar bei solch einem niedrigen, imizellularen 
Organismus noch nie nachgewiesen worden ist. 

Zucht des Organismus geschah in einer Erdabkochung unter 
Zusatz des Heues, wobei in giinstigen Fallen aus 1 Liter Kultur- 
fliissigkeit schon nach 8- bis 10-tagiger Kultur eine zur direkten 
Spektroskopierung geniigende Menge des Materials gewonnen werden 
konnte. Allerdings war dabei Verunreinigung durch Colpiclium- 
Arten nicht zu vermeiden, die aber wegen ihrer bedeutend kleineren 
Korpergrdfie durch Kolieren mit Seidentuch grofitenteils abgetrennt 
werden konnten. Die auf dem. Koliertuch zuriickbleibenden Para- 
mecien wurden nach wiederholtem Waschen mit Wasser in dest. 
Wasser suspendiert und in einem langen Zylinderglas (von etwa 1 
Liter Inhalt) bei 25°C stehen gelassen. In einigen Stunden sammel- 
ten sich die Paramecien, dank ihrem angeblichen „negativen Geo- 
tropismus“, meist an oberen Teil des Gefafies, wahrend ColpicUen, 
wenn vorhanden, flockenartig an Boden sanken. Nach Beseitigung 
dieses Colpidien^ockens durch Pippettierung wurde die Fliissigkeit 
zentrifugiert. Pro Liter von urspriinglicher Kulturlosung lafit sich 
auf diese Weise etwa 1-2 ccm von einer praktisch reinen Paramecien-^ 


1) Vergl. z.B. Doflein u. Eeichenow. 1927. 
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masse erhalten.^^ Die gesammelten Zellen warden ferner aiif der 
Zentrifuge wiederholt mit dest. Wasser gewaschen, dick in demsel- 
ben suspendlert, und dann in einem modifizierten THUNBERG-Rohr-) 
unter Anwendung eines Okularspektroskops nach Abbe spektro- 
skopiert. Als Lichtquelle diente sine Pimktlichtlampe („Wotan- 
lampe“) von der Firma Zeiss. 

Die unter verschiedenen Bedingungen beobachteten Bildsr sind 
in der beiliegenden Figur schematisch wiedergegeben. Zuerst unter 
anaerobem Zustand (bei Evakuierung) kamen folgende Absorptionen 
zur Beobachtung: 

I. Ein schmales und verschwommenes Band an 613-603 m,a , 
mit einem Absorptionsmaximum an 608 m,w . 

11. Ein sehr breites und deutlich asymmetrisches Band an 585- 
549 m/i , wobei besonders im Bereich 557-549 m,u mit 
einem Maximum, an 551 m,a stark absorbiert ist. 

III. Ein sehr verwaschenes Band an 527-519 mfi mit einem- 
Maximum an ca. 523 my . 

Bemerkt sei hier vorwegnehmend, daS die Absorption II aus zwei 
Bandern mit dem Maximum an ca. 555 my bzw. 551 my besteht, ob- 
zwar dieselben in Wirklichkeit nicht getrennt erkannt werden kbnnen. 

Beim Schiitteln der Suspension mit Luft Oder bei Durchstro- 
mung des Sauerstoffs in die Suspension verschwinden alle obigen 
(Streifen, und anstatt deren treten ein auffallend intensives schmales 
Band an 581 my (588-575 my) und ein verschwommenes diffuses Band 
an 545 my (554-536my) hervor. Stellt man dann die Suspension 
ruhig, Oder wird die Suspension plotzlich evakuiert, so werden diese 
beiden Streifen allmahlich unsichtbar, und zugleich das Bild unter 
anaerobem Zustand wieder ganz reversibel hergestellt. Diese voll- 
standige Reversibilitat unter aerober bzw. anaerober Bedingung 
weist ohne Zweifel auf die „respiratorische“ Natur der Substanzen 
hin, zu welchen die in Betracht kommenden Streifen gehoren. 
Manchmal und zwar bei schwach atmenden Paramecienzellein werden 
die anaeroben und die aeroben Streifen gleichzeitig beobachtet, wobei 
aber durch 02-Zugabe die ersteren zum ganzlichen Verschwinden und 


1) Trotz melirmaligem Wasclien mit dest. Wasser diirfte hierbei die Mog- 
lichkeit etwaiger Beimengung der Bakterienzellen nicht ganz a-usgeschlossen sein, 
zumal da die Paramecien, wie schon von mehreren Autoren dargetan, auf Kosten 
der beigemengten Bakterienzellen auskommen. DaB aber in unsere spektro- 
skopische Befunde keine _ Unsicherheit wegen dieser Mdglichkeit eingeschlichen 
pin kann, geht ohne weiteres daraus hervor, daB die spektroskopischen Bilder 
bei Bakterien, wie die umfangreichen systematischen Unter suchungen von 
Tamiya y.a. (Yaoi und Tamiya 1928, Tamiya and Yamagutchi 1933, Pujita 
1984) zeigen, griindlich von denjenigen von unserem Versuchstier verschieden 
Sind. 

2) Vergl. H. Tamiya u. Y. Ogura (1937). 
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die letzteren zur auffallenden Verstarkung gebraclit werden. 

Ein etwas anderes Bild findet man bei Zusatz von KCN(M/500- 
M/1000). Wahrend das anaerobe Bild durch CN-Zusatz gar nicht 
modifiziert wird, bestehen hierbei bei Schiitteln mit O 2 die Streifen 
an 608, 551 imd 523 
jnju , neben den neii anaerob 

auftretenden aeroben i t 

Bandern an 581 und 
545 m,u , unverandert ^ ^ 

fort, indem aber die 
Absorption im Gelb- lanaerob o 

griin sich zu 554 -- Cn| It 
549 m,a , ebenfalls mit 1 
dem Maximum an . . 

551 mp , deutlich scb- 

malert. Das Auftre- cM-.c=.^«?t^<r.^^c^cM — 

, T m 10 10 m u-i m m ^ irs 1^5 irs m 

ten der Streifen an 

581 und 545 mp bei Schiitteln mit Luft wird hierbei nicht nur nicht 
verhindert, sondern sogar auffallend verdeutlicht. tJbrigens erfolgen 
auch bei CN-Zugabe das Auftreten und das Verschwinden dieser 
beiden Streifen unter aerober bzw. anaerober Bedingung vollkommen 
reversibel, wie es in, der Figur dargestellt ist. 

Einem noch merkwurdigeren Tatbestand stoiSt man bei Durch- 
stromung des Kohlenoxyds in die Suspension. Es tritt namlich ein 
neuer intensiver Streifen an 574 m/-t (579-668 ma) hervor, und gleich- 
zeitig erweitert sich die Absorption im Griin zu 540-519 m,M . Diess 
letztere Absorption scheint dabei aus zwei Bandern zu bestehen, fiir 
deren Absorptionsmaximum wohl die Werte 538 mp bzw. 523 mp an- 
genommen werden diirften. Andererseits tritt hierbei, wie es bei CN- 
Zugabe in aerobem Zustand der Fall war, die Schmalerung des Bandes 
im Gelbgriin zu 653-549 m,u (mit dem Maximum an 551 mp) ein, 
wahrend der Streifen an 608 mp (613-603 mp) gar keine Modifi- 
zierung erfahrt. Bei nachtragiicher Durchleitimg des Sauerstoffs 
geht das ganze spektrale Bild sofort wieder zu demjenigen zuriick, 
welches man unter aerober Bedingung beobachtet hat. Auch bei 
langerer Evakuierung nach der Sattigung der Suspension mit CO 
wird der Einflub von CO beseitigt, sodalS die Suspension schliefilich 
dasselbe Bild wie unter anaerober Bedingung aufweist. 

Gestiitzt auf die Tatsache, dab bei Zugabe von CO oder bei 
Schiitteln mit O 2 unter CN-Zusatz eine unverkennbare Schmalerung 
der Absorption im Gelbgriin stattfindet, ist es zu schliefien, dafi die 
unter anaerobem Zustand beobachtete Absorption II aus folgenden 
zwei Bandern besteht : 
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(1) Ein intensives und schmales Band an 563-549 m, a mit 
einem Maximum an 651 m/i . 

(2) Ein diffuses und asymmetrisches Band mit dem Maximum 
an etwa 555 m,a und der langwelligen Grenze an ungefahr 
585 m,w , Die kurzwellige Grenze dieses Bandes ist wegen 
des Verschmelzens mit dem Streifen 1 nicht zu bestimmen. 

Beim tiberblick liber das Verhalten der einzelnen Streifen be- 
steM zunachst kein Zweifel dariiber, dafi der Streifen an 608 m,u 
(613-603 m/i) der a-Komponente, und die Streifen an 551 m/t (553- 
549 m//) und an 523 my (527-519 m//) der c-Komponente des Cyto- 
chroms zukommend^ Was nun die ubrigen Streifen anbelangt, so 
kennzeichnen sie sich von denjenigen der gewohnlichen Zellhamine 
dadurch, dafi sie unter anaerober Bedingung undeutlicher und bei 
Zugabe von O 2 oder CO mit einer sichtlichen Lageverschiebung auf- 
f allend intensiver werden,-'^ Dieses Verhalten und die Lage der er- 
wahnten Absorptionen bei O 2 " und CO-Zugabe sprechen befriedigend 
dafiir, dal3 sie einem Hamoglobin und dessen Ferro-02- bzw. -CO-Ver- 
bindung angehoren. ErwartungsgemaO kam bei Zusatz von Chinon 
ein Streifen an 633 my (640-625 my) zum Vorschein, der auf die 
Bildung von Methamoglobin hinweist. 

Um unsere Beweisgriinde iiber die Hamoglobinnatur der in Prage 
kommenden Substanz iibersichtlich zu machen, wollen wir unten; 
unsere spektroskopischen Befunde denjenigen von gewbhnlichem 
Hamoglobin gegenuberstellen. 

ParajneciMm-Hamoglobin Menschen-Hamoglobin 
585-649 (?) niiJ- 570-546 mg. 

Desoxygenierte Form unscharf begrenzt, mit unscharf begrenzt, mit 

einem Maximum an etwa einem Maximum an etwa 
555 mg. 655 mg. 

Oxygenierte Form 681 mg., 645 mg- 577 mg., 542 mg. 

CO-Verbindung 574 mg, 538 mg. 671 mg, 638 mg 

Methamoglobin 633 mg. 633 m,tt 

Dafi die Lage der Absorptionen von Hamoglobin und seinen 
Derivaten je nach ihrer Provenienz um einige my verschieden ist, 
kann uns ja kaum befremden, wenn man daran denkt, dafi z.B. der 
a-Streifen des Oxyh.amoglobins von Planorbis an 575 my, wahrend 

O. ber Streifen an 523mg. (P-Streifen des Cytoehroms c) sieht hierbei im 
Vergleicb mit demjenigen bei anderen Organismen bedeutend verschwomnien 
aus. Ein analoger Fall wurde auch von Fribdheim und Baer (1933) bei 
einem Bandwurm Diphyllobothrium latum und dessen Larve beobachtet, bei 
welch en zwar trotz dem Vorhandensein des a-Bandes des Cytoehroms g gar kein 
oder nur ein auBerst verwaschener Streifen an 530— 620 mg. nachweisbar ist. 

2) Dms erinnert uns an das von Warburg amd Haas (1934) bei Baclcerhefe 
entdeekte Band an 683 ing, das zwar erst bei O—Zugabe erscheirit und ebenfalls 
durch CO verschoben wird. Hieser Streifen wurde auch von den genannten 
Aritoren auf ein Oxygenierungsprodukt einer Ferro-Haminverbindung zuriick- 
gefiihrt, die aber nach der Lage des Bandes bei CO-Sattigung (600-690 mg) 
chemisch nicht ganz identisch mit dem gewohnlichen Hamoglobin sein konnte. 
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■derjenige von Chironomus an 578 m,u liegtd> Besonders eigenartig ftir 
das Hamoglobin ist der zwischen den a-Bandern von O 2 - und CO- 
Verbindung liegende Abstand, fiir welchen wir bei Menschen- und 
Pammecmm-Hamoglobin praktisch denselben Wert 6-7 finden. 

Fiir das Vorhandensein des Hamoglobins, und folglich des Proto- 
hams, in Paramecmmzellen spricht ferner der Befund bei Zusatz des 
Pyridin-Hydrosulfits, bei welchem zwar folgende drei Streifen sicht- 
•bar werden: 

I. 593-682 m,a , Absorptionsmaximum : 588 m,a „ 

. , II. 567-548 m/x , Absorptionsmaximum : 558 m,u. 

III. 533-518 m^u , Absorptionsmaximum : 626 m/x , 

Der Streifen I stammt von Gytochrom a, wie man es nach 
Roche und Benevent (1936) schliefien darf. Die Streifen II und 
III stellen bekanntlich den kombinierten Streifen. aus Hamochro- 
mogen c und Protohamochromogeh dar, welches letztere. zweifelsohne 
■aus dem Hamoglobin abgeleitet ist. 

Setzt man den Paramecmmzellen Na-Hydrosulfit hinzu, so be- 
obachtet man zuerst dasselbe Bild wie bei Evakuierung. Dauert die 
Einwirkung von Hydrosulfit etwas langer (einige Minuten) , so tritt 
folgende merkwiirdige Veranderung ein: 

(1) Der a-Streifen (608 m/i) verschwindet. 

(2) Die Absorption im Gelbgriin schmMert sich zu 553-549 my, 
niit einem Maximum ebenfalls an 551 my . 

(3) Im Gelb (583-571 my) entsteht ein neues intensives Band 
mit einem Maximum an 577 my . 

(4) Die Absorption im Griin erweitert sich zu 543-519 my . 
Diese Absorption besteht wohl aus zwei Bandern mit dem 
Maximum an etwa 536 . bzw., 523 my , 

Setzt man nachtraglich Chinon hinzu, so verschwinden zuerst 
die der c-Komponente zukommenden Absorptionen (551 und 523 my), 
und es bleiben nur die Bander an 577 my (583-571 my) und 536 my 
(543-529 my) zuriick. Bei Zugabe einer grofieren Menge des Chinons 
werden auch diese beiden Streifen unsichtbar, und anstatt deren tritt 
das Methamoglobinband an 633 my hervor. Alles deutet also darauf 
hin, dafi die zuletzt erwahnten Streifen einem gewissen Derivat aus 
Hamoglobin zuzusehreiben sind. Solch eine Veranderung des Hamo- 
globins, ebensowie diejenige der a-Komponente, bei Redtiktion mit 
Hydrosulfit ist bisher niemals beifichtet; worden, und bedarf einer 
kiinftigen Bearbeitung. 

Nach alledem, was wir oben angefuhrt haben, sind Wir zu dCm 
Schlufi berechtigt, dafi in Par amecwmzellen drei Haminkorper, nam- 
lich Gytochrom a, c und^ Hamoglobin, enthalten sind. Allerdings mufi 

1) Vergl. z.B. BarcHopt (1929) Anson, Barcropt, MirSky, u. OiNUMA 
(1925). 
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aber, wie bei alien derartigen Betrachtungen der Fall ist, die Mog- 
lichkeit der Beimengung anderweitiger B[aminverbindungen in 
spektroskopisch kaum nachweisbarer Menge in Erwagung gezogen 
werden. Bekanntlich ist es bei allermeisten tierischen sowie pflanz- 
lichen Organismen der Fall, dafi bei Anwesenheit des a- oder des c- 
Streifens des Cytochroms stets auch der mehr oder weniger deutliche 
6-Str'eifen beobachtet wird. Ausnahmefalle hierzu bat zuerst der 
von Friedheim und Baer (1933) untersuchte Bandwurm, der zwar 
niir den c-Streifen zeigt, und jetzt wiederum unser Paramecium, 
dessen Cytochromtyp (a, c) iibrigens von alien bisher bekannten ver- 
schieden ist. 

Andererseits stellt Paramecium wohl die allerniedrigste 
Stufe der hamoglobinfiihrenden Tiere dar, eine Tatsache, die biolo- 
gisch sowie phylogenetisch ein besonderes Interesse beansprucht. 
Unser Befund, dafi das Hamoglobin in Pammecmmzellen auch bei 
Zugabe von Blausaure glatt reversible Oxygenierung und Desoxy- 
genierung bewirkt, lafit uns annehmen, dal3 der Atmug von diesem 
Organismus ein gewisser CN-unempfindlicher Mechanismus inne- 
wohnt. Nahere Untersuchungen liber die Atmung von Paramecium 
sind jetzt im Gange, woriiber demnachst auch ein Bericht erstattet 
werden soil. 

Es ist unsere besondere Freude, diese Arbeit unserem gemein- 
samen Lehrer, Herrn Prof, honor. Dr. K. FUJII, zu seinem siebzig- 
jahrigen Geburtstag ergebenst widmen zu diirfen. Herrn Prof. Dr. 
K. Shibata und Herrn Prof. Dr. H. Hattori sprechen wir auch an 
dieser Stelle unseren warmsten Dank aus fur ihre stets liebenswiirdige 
Unterstiitzung bei dieser Arbeit- Ebenso sei Herrn T. T. Iida bestens 
gedankt, durch dessen giitige Hilfe die Beschaffung unseres Versuchs- 
, materials ermoglicht wurde. 

(Ausgefiihrt zum Teil mit den Stipendien, die von der Japan 
Gesellschaft zur Forderung der wissenschaftlichen Forschung den 
Verfassern giitigst zur Verfiigung gestellt wurden.) 
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Karyotype Analysis in the Hybrids of Cristate and 
Normal Forms of Rumex acetosa 

By 

Y. Sinoto 

Tokyo Imperial Uniyersity 

A form of Rumex acetosa, newly called “cristate”, first came 
into the writer’s- hands in 1934; The leaves of this plant present 
remarkable characteristics, being conspicuously wrinkled and folded 
(cf. Sinoto 1936, fig. 1). The plant was only female and crossed in 
the same year with a normal form having smooth leaves. By the first 
crossing twenty-five seeds were obtained all of which germinated in 
sand in Petri-dishes. Seven of the young plants were lost by acci- 
dent, and the rest are. being kept until now. All the Pi plants were 
found to have generally normal smooth characteristics in their leaves.- 
The results of the crossing and of the karyotype analysis of the Pi 
progeny were preliminarily reported in 1935 and 1936 to the General 
Meetings of the Genetic Society of Japan (Sinoto, 1936, 1937). 


Materials and Methods 

Root-tips taken from each individual of the Pi hybrids were 
fixed with either a modification of Navashin’s fiuid or Randolph’s 
“Graf”. The material was imbedded in paraffin, partly on the Randolf 
schedule using buthyl alcohol ; sectioned to 12 fx in thickness and 
stained with either Newton’s iodine gentian violet or Heidenhain’s 
iron-alum haematoxylin. Camera lucida drawings were made with 
a Zeiss achromatic objective, N.A. 1.3, and an Olympus 15 x com- 
pensating ocular giving a magnification of ca. x 5800 reduced to one 
half in reproduction. Late prophase and metaphase figures were 
most suitable for the karyotype study. 


Karyotypes in the Parents 

The cristate form (Cult. No.: S46-8-31T-1) used as female parent 
has fourteen somatic chromosomes among Which are three different 
type varieties, i, j and v, excepting a large V-shaped X. Two auto- 
somes aye typical of the type j, while the two v-chromosomes differ 
from each other in point of the fibre attachment, in the one (vi) this 

1) ContribuMoris from the Pivisions of Plant-Morphology and of Genetics, 
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being median and in the other (vo) submedian. Autosomes belonging 
to the type i are not of the same size. Thus the karyotype is 
formulated as 2n = 14 = 2x + 8i + 2j + Vi + Va (fig. 1) . This karyo- 
type corresponds to the type III of Kihara und Yamamoto (1931) 
or to the type DD of Ono (1936) . The karyotype: of the normal male 
parent (S46-8-30T-f ) seems to be the type VII of Kihara and Yama- 
moto (l.c.) or the type AA of Ono (l.c.) and has fifteen somatic chro- 
mosomes, of which twelve autosomes have two different type varieties, 
i and t, the latter bearing trabants. 


Karyotypes in the Fi Plants (Table 1) 

The karyotype expected to occur in the Fi progeny of the 
plant with a karyotype 2n = 14 = 2x -I- 8i + 2j + 2v and the plant 
with a karyotype 2n = 15 = X + 2y + lOi + 2t was ordinarily a com- 
bination of these two parental karyotypes. Nevertheless the expected 
karyotypes, i.e., 9 = 2x + 9i + t + j + v and S ' = x + 2y + 9i + t + 
j + V were only found in three (S46-8-32T-5, U and 8; figs. 4, 5 and 
14) out of the whole eighteen individuals. 




Figs. 1-6, The somatic chromosome complements, xca. 2900. 1, a cristate form. 
2-6, four hybrid plants, x, x-ehromosome ; y, Y-chromosome ; i, i-ehromosome ; j, 
j -chromosome ; y, j'-chromosome ; t, t-chromosome ; Vj, V 2 , Vj- and V 2 -chromo- 
somes; n, n-chromosome ; • f, fragment; nucleolus. :Cf. Table 1. 
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In six individuals no t-chromosomes were found. The number 
of nucleoli counted at telophases in all the Fi hybrids studied was al- 
ways two which did not correspond to that of the t-chromosomes (cf. 
Table 1) . Comparing the size of trabants in the Fi individuals we find 
that it is. not generally uniform; in the extreme case it seemed that 
the trabants had disappeared or that only a seta was observed in some 
of the chromosomes, though in this latter case it was uncertain 
whether or not the trabant had disappeared. It was found that the 
trabant is attached to the nucleolus in the prophase (figs. 6, 13) , and 
it was also observed that an apparently non-trabanted i-chromosome 
becomes attached at its end to the nucleolus (n-chromosome in fig. 6). 

Table 1. Chromosome numbers, karyotypes, sex, and the number of nucleoli at 
telophase of Fi progeny of cristate Rumex aoetosa (2n = 14 = 2x-l-8i+ 2j-+Vx-rVo) 9 x 
normal form (2n = 16 = x-{-2Y-fl0i-f2t) 3 


S46-8-32-l-f 


14- ff 

15- l-f 
14 
14 

14-f2f 

14-bf 

16- ff 

14 

15 

,14-|-.f 

14H-f 

T4-ff 

14 

16-l-f 

15+f 

14+f 

14-bf 

14 


2x+9i-l-t-l-y+Vi-}-f 
x-j-SY-p^i-l-t-l- j^“|-V2-|-f 

2x -{- 9i "i” t H" 4" Vo 
2X“1~ 9i -|- 4 4” i -b Vj 
2x 4-lOi 4~ 4" Vj 4" 2f (1— 6f ) 
2x4~9i4-t4-,y 4'Vi4'f 
X4- 2y4” "|- 1 4- "h V2 4" f 
2x 4~ 9i 4“ t -4- j 4" Vj 
X4-2Y'4” 10i-4-]'^4" Vi 
2x-l-9i4-t4-j4-V34-f 
2x -4- 81 4" 1 4" "j- Vi 4” Vj 4" f 
■2x -4- 8i -f 1 4- F4- Y4- V2 4- f 
2x^10] -|-j4"V2 

x-|-2Y-bl0i4-j'ivi4-f(l or2fj 
X 4- 2 Y-p‘ 9i 4- 1 4- F 4- V2 4-f 
2x 4" 9i 4- 1 4? 4“ V -f- f 

2x 4- 9i 4- j 4^ Vj 4- Vo 4- f 
2x 4" lOi 4" 4" Vj 


In two-thirds of the Fi plants, chromosome fragments (f ) were 
observed (S46-8-32-l-f, ;g, 5-7, 10-12, 11,-17 \ figs. 2, 3, 7-13, 16-18, 
20-23) . Their size and number were various and almost constant in 
each individual, one fragment being most frequent. In one plant 
(S46-8-32-l-5^) , however, the number of the fragments showed a varia- 
tion from one to five in different roots, i.e., one root had one frag- 
ment, an other from one to two and a third from two to five, two or 
three being counted most frequently (figs. 7-11) . The origin of frag- 
nients is as yet unknown. They seem to have a strong tendency to 
become attached to the chromosomes. Some of them are free from 
the chromosomes (figs. 3^ 7-12, etc.), while others are attached to 
the latter either at their terminals or lateral sides (figs. 2, 8-11) . It 
was found that the fragments aire attached to the chromosomes of 
various types, such as i,, j, .v and, further X.- ^ , . 






Figs. 7-12. The somatic chromosome complements of two hybrids, x ca. 2900. 

Cf.. Tabel 1- 
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The j -chromosomes in the hybrids must be direct descendknts 
from the female parent and were expected to be similar in all re- 
spects to- those of -the parent. This, however, was not found to be 
the case.- Only four hybrids (S46-8-32-1-5, 10 , 13 and 17) were found 
to haye the typical j -chromosomes similar to those of the mother 
(figs. 14, 16, 19, 23). In all the other hybrids the short arm of the 
j-chromosomes (JO is not so long as that of the typical j-chromosome 
or else it is only slightly distinguishable from the i-chromosomes. 

The Vi- . and Vo-chromosohies of the female parent probably 
synapse and disjoin normally in the meiosis of this plant as was 
often reported in other forms (types) with two v’s of Rtimex acetosa 
(cf. Yamamoto 1934, Sato and Sinotb 1935). In the present case of 
hybrids, therefore, an equal distribution of these v’s was expected. 
Of eighteen Fi plants, we have found seven with yi^(S46-8-32-l-l, J/., 
6, 8., 9, 14^ and 18) and eight with Vo (S46-8-32T-^, 3, 5^ 7, 10, "12, 13 
.and 15), the ratio being almost up to expectation, though the total 
number was insufficient. 

It is helre noted that there appeared in the Fi hybrids, 1 ) fwo plants 
(S46-8-32-1-11 and 17) each with both Vi and v^ (figs. 17, 23), 2) one 









3 , 
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Pigs. 19 - 24 . The soma,tic chromosome complements of s|x hybrid plants, xca. 2900. 
Cf. ’Table 1. V (in fig. 22), an anormal v-shajped chromosome. 
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plant (S46-8-32-l-i^) including one v of medium size besides one V 2 
(fig. 18), and 3) one plant (S46-8-32-l-id) further which has neither 
typical Vi nor Vo , but has an anormally formed v which is scarcely 
distinguishable from i-chromosomes (fig, 22), 

The sex and fertility of the hybrids have not yet been fully 
examined, and the result of only a preliminary survey of their sex 
is shown in Table 1. 

Considerations 

It was expected that the hybrids between the cristate and normal 
forms of Rumex acetosa ordinarily have such a simple karyotype as 
is formulated as 9i + t + j + v, the sex chromosomes being excepted. 
It was, however, found that only three out of eighteen hybrid plants 
came up to this expectation. The remaining hybrids presented 
markedly a nuclear polymorphism which is due to the following facts ; 
namely 1) the appearance of the chromosome-fragments, 2) loss or 
transformation of the t-chromosomes, 3) the formation of new chro- 
mosome types, and 4) possible non-disjunction. 

The ■fragments appeared newly in twelve plants out of all 
eighteen hybrid individuals and their number was from one to five, 
one being most frequently found. In one and the same individual 
we found that the number of fragments varied with different roots. 
One hybrid (S46'8-32-l-5) offers such ah extreme case. There was 
also much variety in the size of the fragments. They were found 
either free from or attached to the chromosomes which may be either 
homologous or non-homologous X-, t-, i-, and v-chromosomes. Their 
positions of attachments were either terminal or side-ways. Con- 
sidering the chromosome types in both parents and hybrids, it is 
deduced that the fragments had their origin in the t-, j-, v- and 
i-chromosome groups. , ; 

. Each hybrid must normally contain one t-chromosome ' (trabant- 
chromosome) , but six of the eighteen hybrids seemed to have no such 
chromosome. Why the t-chromosomes can not be detected in certain 
hybrids is at present uncertain, but there may be taken into considera- 
tion the fact that in this plant we often meet with the case of the 
trabants showing a size variation which often makes their detection 
difficult, and that the trabants might have disappeared (as in the case 
of amphiplasty in Crepis, Navashin 1927) or have been eliminated 
(as described by Sato 1936 in S cilia) in some of the hybrids, or (and) 
become transformed to the n-chromosomes which have no trabants 
but have a tendency to become attached at their end to the nucleolus. 
In the telophase of , all .eighteen, .hybrids there were always found 
two nucleoli which number does not corresponc^ to that of ; the t-chro- 
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mosome. Though we do not intend here to go deep into the ques- 
tion of nucleolus-chromosome relation, the n-chromosome found in 
some of the present hybrids seems to have a similar situation to 
those non-trabanted chromosomes which have some connection with 
the nucleolus, such as observed in other plants by several authors, for 
example, in Trillium Kamtschaticum (Matsuura 1934), Narcissus 
hulhocodium var. genuinus (Fernai^des 1^6), and Eremurus specta- 
hilis (Upcott 1936). 

We can find the typical j-chromosomes similar to those of the 
mother plant in only four hybrid individuals, while in all other cases 
the newly appeared j '-chromosome can scarcely' been distinguished 
from the i-chromosome. 

'Either of the two types of v-chromosomes of the mother parent 
is found actually unchanged in the hybrids, except in one hybrid i| 

(S46-8-32T-i^). The two v-types were distributed to the hybrids as i 

expected generally, but in two hybrids (S46-8-32T-11 and 17) both j 

types were contained together. In these latter cases the phenomena: I 

are explained by non-disjunction which may have occurred in meiosis 
of the mother plant. However the formation of a v-shaped chromo- 
some of medium size found in S46-8-32-1-12 or an anormal v-chromo- 
some of S46-8-32-1-15 which closely resembles the i-chromosome can 
not be considered as being the results of non-disjunction. It may be 
more reasonable to assume that these new v-chromosomes have been 
produced by the process of structurah reconstruction. 

From the results of the observations set 'forth above it has be-; |: 

come evident that in the first generation of the two different karyo- 
types of Rumex acetosa there have been brought forth considerable 
variations of karyotypes which were mostly due to the structural 
alteration of chromosomes, i.e., the appearance of the fragments, 
fragment-bearing chromosomes, j '-chromosome, large or anormal v- ^ 
chromosomes as well as loss or transformation of t-chromosomes, 

though the course of production of such altered chromosomes has 

not yet been made clear. 

Rumex acetosa has been known to have a considerable range 
of karyotypes with differeht constitutions for which the chromosome 
alterations have been considered to be mostly responsible by several 

authors. Besides these changes in chromosomes, repeated combina- 
tions of such different karyotypes may have been sources of still 
more new viable types, and the translocation and. related alterations 
might have taken place in part through the effect of these repeated 

combinations as well as by introducing of a chromosome complement 
of one karyotype plant into a foreign cytosome, which may have dis- 
turbed the specific balance between the nucleus and cytosome. 
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Conclusion 

The leaf characteristic of the Fi hybrids between cristate and 
normal forms of Rumex was generally similar to that of the 

normal male parent. The karyotypes of the Fi hybrids showed a 
considerable variation instead of an expected simple combination of 
the parental karyotypes (cf. Table 1) . The structural alteration of 
chromosomes is considered the main cause of these karyotype 
diversities found in the Fi plants produced through one time hybridi- 
zation between diiferent karyoty pes of the species. 

The writer wishes to thank Mr. N. Matuzaki who generously put 
the cri'kate form at the writer’s disposal. Thanks are also^ due to 
Dr. D. Sato and Mr. M. Kitane for their help rendered in this work. 
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